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PREFACE. 


The  following  work  consists  of  Two  Parts — one  devoted  to 
the  Analysis  of  the  principal  Articles  of  Diet  in  daily  use ; the 
other  to  the  Detection  and  Estimation  of  Poisons,  organic  and 
inorganic. 

In  the  First  Portion,  the  author  has  endeavoured  to  give 
a clear  and  concise  account  of  the  composition  of  the  various 
Foods  and  Beverages,  with  the  best  and  most  recent  methods 
for  the  detection  of  any  Adulteration.  A few  of  the  more 
important  Legal  Cases  are  detailed,  where  their  bearing  on 
the  subject  renders  them  helpful ; and  to  every  Article  is 
appended  a Bibliography  of  the  works  and  papers  consulted. 

In  the  Second  Portion,  the  arrangement  of  the  Organic 
Poisons  is  simply  that  which  suggests  itself  naturally  in  a 
methodical  investigation  — the  more  volatile  Poisons,  those 
that  are  obtained  by  processes  of  distillation,  being  considered 
first;  and,  in  the  second  place,  those  extracted  by  alcoholic  or 
ethereal  solvents.  The  Inorganic  Poisons,  finally,  are  taken 
in  the  order  in  which  they  may  most  conveniently  be  sought. 

The  Symptoms  produced  by  Poisons  are  only  occasionally 
and  briefly  referred  to,  save  in  a few  instances  where  the 
information  furnished  by  the  standard  text-books  seemed  to 
recj[uire  supplementing,  or  where  recent  cases  have  afforded 
new  data.  Under  each  head,  however,  will  be  found  the  dose 
likely  to  prove  fatal  to  man  and  animals,  wuth  analyses  of  the 
chief  technical,  medical,  veterinary,  and  patent  compounds  of 
the  drug  or  poison  in  question.  Due  prominence  is  also  given 
to  the  special  points  on  which  the  evidence  of  the  Expert  will 
be  looked  for  in  Court. 
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PREFACE. 


The  sco^ie  of  the  present  Avork  is,  of  course,  essentially  what 
its  title  implies ; still,  in  several  instances  (e.y.,  fousel  oil, 
copper  in  vegetables,  <kc.),  the  medical,  as  Avell  as  the  chemical, 
aspect  of  the  subject  under  consideration  has  been  freely 
discussed.  This  is  more  especially  the  case  in  the  Article  on 
“ Milk,”  in  which  will  be  found  its  composition  in  health  and 
disease,  and  an  account  (as  complete  as  the  limits  of  the  work 
Avill  alloAv)  of  the  real  or  supj)osed  propagation  of  various 
maladies  by  its  agency. 

In  conclusion,  the  author  trusts  that  the  Manual  will  be 
found  not  only,  and  in  reality,  a Jiandy-hook.  of  reference  for 
professed  Students  of  Chemistry,  but  suggestive  also  to 
Hygienists,  Medical  Men,  Veterinary  Surgeons,  and  Pharma- 
ceutists. To  the  best  of  his  knoAvledge,  there  is  no  other  Avork 
in  the  language  covering  precisely  the  same  ground — a ground 
occupied  in  Continental  Literature  by  such  treatises  as  the 
“ llandhuch  dcr  Gerichtlichen  Chemie  ” of  Sonnenschein,  and 
others  of  a similar  scope. 


Baunstaple, 

December  5,  1S78. 
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PART  I.— INTRODUCTORY. 


ash  — SUUAE  — STARCHES. 

I 

I There  are  but  few  «iibstances  inspected  by  tlie  analyst  in  wliiclx 
I it  is  not  advisable  to  determine  and  examine  the  Ash ; it  will, 

I therefore,  save  repetition  to  give  at  the  outset  the  general  course 
of  procedxire.  As  similar  considerations  apj^ly  to  the  chemically- 
i allied  substances.  Sugar  and  Starch,  they  will  now  also  be  fully 
I treated,  and  to  this  preliminary  chapter  the  Reader  is  referred 
for  details  of  processes  mentioned  throughout  the  work. 


I.-ANALYSIS  OF  THE  ASH  OF  ORGANIC  SUBSTANCES. 

§ 1 . As  a general  rule,  testing  the  ash  for  abnormal  metals  and 
alkaline  eartlis  is  necessary,  and  more  especially  if  the  ash 
present  any  unusual  character,  whether  in  weight,  coloui-,  or 
solubility.  Leaving  for  the  present  the  special  tests,  the  num- 
ber and  nature  of  the  constituents  which  recpiire  to  be  determined 
for  the  purpose  of  the  food  analyst,  vary  according  to  the  par- 
ticular substance  under  examination,  e.g. — 

In  all  substances,  the  percentage. 

In  such  fluids  as  milk,  the  alkaline  p>hosphates  and  the  chlorides. 

In  seeds,  such  as  wheat,  cocoa,  &c.,  the  total  phosphoric  acid. 

In  beer-ash,  the  amount  of  common  salt. 

In  bread-ash,  the  presence  or  absence  of  alumina. 

In  tea-ash,  the  alkalinity,  the  iron,  the  silica,  and  proportion 
of  soluble,  to  insoluble  ash. 

In  coffee-ash,  likewise  the  proportion  of  soluble  to  insoluble 
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ash,  but  the  presence  or  absence  of  silica  becomes  also  of  im- 
portance. 

From  these  illustrations  (which  might  be  multiplied)  it  follows 
that,  for  the  purposes  of  the  analyst,  the  general  constitution  of 
the  ash  will  be  sufficiently  known  when  the  following  determina- 
tions have  been  made  : — 

(1.)  The  total  percentage  of  ash. 

(2.)  The  total  percentage  of  ash  soluble  in  water. 

(3.)  The  total  percentage  of  ash  soluble  in  acid. 

(4.)  The  alkalinity  of  the  ash. 

(5.)  The  percentage  of  chlorine. 

(6.)  Tlie  percentage  of  phosphoric  acid. 

(1.)  The  Total  Percentage  of  Ash. — Of  the  various  methods  of 
estimating  an  ash,  the  simplest  and  most  practical  appears  to  be 
— to  place  a sufficient  quantity  of  the  substance  to  be  burnt  in  a 
capacious  platinum  dish,  and  to  consume  at  the  lowest  possible 
temperature  by  heating  with  a ring  burner.*  The  quantity  to 
be  taken  is  regulated  by  the  amount  of  ash  in  the  substances. 
For  example,  flour,  containing  only  -7  per  cent  of  ash,  would  give 
with  50  grms.  ’35  ash,  which  is  about  as  small  a quantity  as  it 
is  possible  to  work  with  conveniently,  whilst  in  the  case  of  coffee, 
tea,  and  cocoa,  from  5 to  20  grms.  is  for  most  purposes  ample. 

(2.)  The  Soluble  Ash. — The  ash  is  boiled  up  two  or  three  times 
with  water  in  the  same  platinum  dish  ; filtered,  and  the  filtrate 
evaporated  to  dryness,  heated  to  dull  redness,  and  weighed. 

(3.)  The  Ash  Soluble  in  Acid. — The  jmrtion  of  ash  insoluble  in 
water  is  boiled  up  with  HCl,  and  filtered  from  the  sand ; the 
latter  is  washed,  dried,  and  weighed. 

(4.)  The  Alkalinity  of  the  Ash. — The  solution  in  water  from  (2) 
is  coloured  with  cochineal,  and  titrated  with  d.  n.  acid  : the  result 
may  be  usually  expressed  as  })otash. 

(5.)  The  Percentage  of  Chlorine. — The  determination  of  chlorine 
in  the  ash  usually  gives  results  too  low,  especially  if  the  sub- 
stance burnt  is  one  like  bread,  of  difficult  combustion,  or  con- 
taining substances  which  decompose  chlorides  at  a red  heat. 
Notwithstanding  this  defect,  in  a series  of  ashes  burnt  under 
similar  circumstances,  the  amount  of  chlorine  found  o-ives  fair 
comparative  results.  Should  there  be  any  special  necessity  for 

* If  the  sulphuric  acid  in  the  ash  is  not  to  he  determined,  a wide  £?lass 
tube  (such  as  the  chimney  of  a common  paraffin  lamp)  adjusted  over  the 
dish,  by  its  powerful  up-draught  greatly  expedites  the  operation ; but  if 
the  sulphuric  acid  is  to  be  determined,  the  impure  gas  of  commeree  renders 
the  results  too  high.  It  is,  however,  of  course  open  to  the  analyst  to  make 
the  gas  pass  through  a proper  absorption-apparatus,  or  to  use  as  a fuel  alcohol. 
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an  accurate  determination  of  chlorine,  no  volatilisation  will  occur 
in  the  combustion  of  most  articles  of  food,  if  they  be  not  burnt 
to  a complete  ash,  and  if  the  charcoal  be  finely  powdered  and 
extracted  with  plenty  of  boiling  water.  The  chlorine  may  be 
determined  gravimetrically  by  nitrate  of  silver,  or  more  con- 
veniently by  a standard  solution  of  nitrate  of  silver,  using  as  an 
indicator  neutral  chromate  of  potash.  Should  alkaline  phosphates 
be  present,  they  must  be  first  removed  by  baryta  water. 

(6.)  The  Phosphoric  Acid. — The  usual  method  of  determining- 
phosphoric  acid  is  to  dissolve  the  ash  in  hydrochloric  acid, 
evaporate  to  dryness,  remove  the  silica,  mix  the  acid  filtrate 
Avith  ammonia  in  excess,  redissolve  the  precipitated  earthy 
phosphates  by  acetic  acid,  filter  off  and  estimate  the  insoluble 
jdiosphate  of  iron  (and  alumina,  if  present),  precipitate  the  lime 
Avith  oxalate  of  ammonia,  and  then  in  the  fluid  (free  from  lime 
and  iron)  precipitate  the  phosphoric  acid,  by  the  addition  of 
ammonia  and  magnesian  mixture. 

The  best  method  of  determining  all  the  constituents  of  an 
ordinary  ash  is,  perhaps,  as  folloAvs  : — A sufficient  quantity  of 
I the  ash  (from  5 to  10  grins.)  is  placed  in  a flask,  about  25  cc.  of 
j Avater  added,  and  saturated  AAuth  COgj  the  liquid  is  now 
‘ evaporated  to  dryness,  heated  Avith  a small  quantity  of  Avater  to 
; dissolve  the  alkaline  salts— the  solution  is  filtered  through  a 
; small  Aveighed  filtei’ — the  filtrate  evaporated  to  dryness,  the 
! saline  residue  treated  Avith  a small  quantity  of  water,  and  the 
, calcium  sulphate  Avhich  separates  out  filtered  through  a weighed 
: filter,  and  estimated  ; the  filtrate  from  this  is  put  in  a tared  flask, 

I made  up  to  any  conAnnient  Aveight,  and  divided  into  five  portions 
' hy  tceight,  \iz. — (1.)  For  CO2,  determined  volumetrically  by 
passing  the  gas  into  a solution  of  chloride  of  lime,  and  titrating 
the  resulting  carbonate  Avith  d.  n.  sulphuric  acid.  (2.)  For  the 
sulphuric  acid,  determined  by  chloride  of  barium.  (3.)  For  the 
phosphoric  acid,  determined  as  magnesian  pyrophosphate.  (4.) 
For  the  chlorine,  by  precipitation  as  silver  chloride.  (5.)  For 
the  alkalies,  by  boiling  in  a platinum  dish  Avith  slight  excess  of 
baryta  Avater,  filtering,  getting  rid  of  the  excess  of  baryta  by 
ammonia  and  ammonium  carbonate,  evaporating  the  filtrate  to 
dryness,  converting  the  alkalies  into  chlorides,  and  determining 
their  relative  proportion  from  their  total  Aveight  and  their  con- 
tent in  chlorine.  This  completes  the  analysis  of  the  soluble 
portion  of  the  ash. 

The  insoluble  Avill  contain  lime,  magnesia,  ferric  oxide,  alumina 
if  present,  silica,  phosphoric,  sulplmric,  and  carbonic  acids. 

The  main  portion  of  the  insoluble  ash  is  dissolved  in  nitric 
acid,  freed  from  silica  in  the  usual  way,  evaporated  again  to  dry- 
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ness  in  a porcelain  basin,  dilute  nitric  acid  added  until  the  bases  are 
completely  dissolved,  and  strong  fuming  nitric  acid  added,  until  the 
solution  begins  to  be  turbid  from  the  separation  of  calcic  nitrate. 
The  turbidity  is  now  destroyed  by  a few  drops  of  dilute  nitric  acid, 
the  solution  warmed,  and  tinfoil  added  in  small  portions  at  a 
time,  in  weight  about  equal  to  the  amount  of  ash  taken.  When 
the  tin  is  fully  oxidised,  the  solution  is  evajjorated  'nearly  to  dry- 
ness, water  is  added,  and  the  solution  filtered  ; the  phosphoric  acid 
is  retained  in  the  jirecipitate — the  bases  are  all  in  the  filtrate. 
The  precipitate  is  dissolved  in  strong  potash  solution,  acidified 
with  sulphuric  acid,  and  freed  from  tin  by  hydric  sulphide^  con- 
centrated to  a small  bulk,  filtered  if  any  further  sulphide  of  tin 
separates,  and  the  johosphoric  acid  determined  by  magnesia  mix- 
ture and  ammonia.'-'' 

The  filtrate  from  the  tin  phosphate  must  be  freed  from  lead 
(if  the  tin  originally  contained  lead)  by  h5^dric  sulphide,  • con- 
centrated, the  iron  and  alumina  separated  and  detei'inined  by 
ammonia,  the  manganese  separated'  as  binoxide  by  bromine- 
water,  the  lime  by  oxalate  of  ammonia  as  oxalate,  and  the  mag- 
ziesia  determined  in  the  usual  way  as  pyrophosjjhate. 

A weighed  portion  of  the  insoluble  ash  must  also  be  taken 
for  the  carbon  dioxide,  suljihuric  acid,  and  sand.  The  carbon 
dioxide  may  be  determined  in  a Geissler’s  carbonic  acid  flask, 
using  HCl  as  the  decomposing  agent,  and  the  two  remaining 
constituents  may  be  estimated  in  the  resulting  solution. 

The  process  just  given  is  not  quite  accurate  with  regard  to  the 
estimation  of  the  alkalies;  for  Bungef  has  shown  that  since  the 
alkalies  form  insoluble  compounds  with  the  alkaline  earths,  a 
v/atery  exti*act  of  the  ash  gives  low  results.  For  exanq)le,  Bunge 
incinerated  300  cc.  of  cows’  milk ; from  a watery  exti'act  of  the 
ash  he  obtained 

KqO  '5130,  '0700  ; 

Y/hilc  from  a subsequent  nitric  acid  extract  of  the  same  ash, 

KoO  -0037,  Na20  0-11G2. 

If  chlorides  of  the  alkalies  be  heated  witli  tribasic  phosphate 
of  lime,  the  soda  is  specially  likely  to  combine  with  the  lime  in 
insoluble  combination — in  fixr  less  proportion  the  potash. 

Bunge  recommends  the  following  method  : — The  watery  ex- 
tract is  decomposed  with  baryta  water  until  a film  forms  on  the 
surface  of  the  solution,  the  mixture  is  warmed  and  filtered  hot. 
The  excess  of  baryta  is  got  rid  of  by  CO,,  subse(pient  warming, 

* Thorpe’s  “ Quantitative  Analysis.”  London,  1877. 
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I iuid  filtration  • tlio  filtrate  is  evaporated  in  a platinum  disli,  tlie 
i residue  gently  ignited,  dissolved  in  a little  water,  filtered  through 
a small  filter,  and  evaporated  with  HCl  in  a small  platinum 
dish.  The  chlorides  are  then  ignited,  weighed,  and  separated  by 
platin  chloride. 

The  hydrochloric  or  nitric  solution  of  the  insoluble  portion  of 
the  ash  is  evaporated  to  di-yness  in  a platinum  dish,  the  residue 
again  dissolved  in  a little  of  the  acid  and  water,  treated  like  the 
former  with  baryta  water,  and  filtered  hot.  Ammonia  and  car- 
bonate of  ammonia  are  now  added,  the  liquid  filtered,  and  the 
filtrate  evaporated  in  a platinum  dish,  and  ignited  at  the  lowest 
j)Ossible  temperature.  The  residue  still  containing  a trace  of 
alkaline  eai'th,  is  extracted  with  water,  evaporated  with  oxalic 
acid,  ignited  again,  taken  up  with  water,  filtered,  evaporated  in 
a small  platinum  dish,  ignited  again,  dissolved  in  a little  water, 
and  lastly  evajiorated  with  HCl,  and  the  alkaline  salts  separated 
by  bichloride  of  platinum. 


II.— ESTIMATION  OF  SUGAE. 

§ 2.  Sugar  is  estimated  by  chemical  j:)rocesses,  by  the  specific 
gravity  of  the  solution,  by  the  estimation  of  the  COg  evolved  in 
alcoholic  fermentation,  and  by  certain  physical  processes. 

It  is  only  possible  to  estimate  percentages  of  sugar  (especially 
cane  sugar)  from  the  specific  gravity  of  the  solution  when  the 
fairly  pure  sugar  is  dissolved  in  pure  water,  so  that  this  method 
is  of  but  limited  utility,  and  seldom  employed  by  the  analyst. 
The  fermentation  process  is  too  tedious  anti  inconvenient  ever 
to  come  into  general  practice,  and  will  therefore  not  be 
<1  escribed. 

(1.)  Clicmical  Processes  depending  %ipon  the  Precipitation  of  the 
Suhoxide  of  Copper  f rom  a Copper  Solution  by  Grape  Sugar. 

The  most  general  of  the  numerous  processes  under  this  head 
is  that  of  Fell  ling,  which  requires  a solution  of  cupric  suljihate 
and  Rochelle  salt,  alkalised  by  soda.  34-64  grins,  of  pure  crystal- 
lised cupric  sulphate,  previously  powdered,  and  pressed  between 
blotting-paper,  are  dissolved  in  200  cc.  of  distilled  water;  174  grms. 
of  Rochelle  salt  are  dissolved  in  400  cc.  of  a solution  of  pure  caustic 
soda,  specific  gravity  1-14;  the  two  solutions  are  nov/  mixed  and 
made  up  to  1 litre.  Each  cc.  of  the  solution  represents  5 mgrms. 
of  anhydrous  grape  sugar,  7 -46  mgrms.  of  milk  sugar,  *03464 
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grm.  of  cupric  sulphate,  and  '01 103  grni.  of  CuO.  The  liquid 
should  be  preserved  in  bottles  jn'otected  from  the  light,  and 
absorption  of  carbon  dioxide  from  the  air  should  be  provided 
against. 

On  account  of  the  slight  instability  of  this  solution,  A.  Soldaini 
has  proposed  the  following; — 41 G grins,  of  potassium  bicar- 
bonate, 15  grms.  of  dry  basic  cupric  carbonate,  and  1,400  grins,  of 
distilled  water  are  heated  togethei’,  the  liquid  being  continually 
replaced ; when  the  evolution  of  COg  has  nearly  ceased,  the 
liquid  is  made  up  to  its  original  volume  with  water,  filtered,  and 
concentrated  down  to  800  cc.  Such  a solution  is  not  reduced  by 
light  or  the  carbonic  dioxide  of  the  air  ; it  is  unaltered  by  pro- 
longed boiling,  and  may  even  be  evaporated  to  dryness  without 
decomposition.  It  is  reduced  by  formic  acid,  laeoulose,  glucose, 
and  lactose,  and  can  be  used  for  quantitative  purposes  in  the 
same  way  as  Fehling’s. 

In  either  case  a known  volume  of  the  copper  solution 
10  cc.  of  copiier  solution  with  40  cc.  of  water)  is  placed  in  a white 
porcelain  dish,  heated  to  boiling,  and  the  liquid  to  be  examined 
(which  must  be  so  diluted  as  not  to  contain  more  than  1 per  cent,  of 
sugar)  run  into  it  from  a burette,  until  the  Avhole  of  the  copper 
is  separated  as  suboxide,  as  shown  by  the  absence  of  blue  colour. 
By  allowing  the  precipitate  to  settle  from  time  to  time,  the  least 
trace  of  blue  colour  can  be  seen  by  inclining  the  dish,  or  if  there 
be  any  uncertainty,  a little  can  be  filtered  off  and  tested. 

It  is  best  in  all  cases  to  standardise  the  solution  by  grape 
sugar,  or  if  milk  is  the  object  of  research,  by  milk  sugar,  the 
latter  reducing  the  copper  solution  in  a difterent  proportion. 
Cane  sugar  cannot  be  estimated  in  this  way,  since  it  does  not 
reduce  copper  solution  ( by  boiling  with  dilute  acid  it  is,  how- 
ever, changed  to  inverted  sugar,  which  reduces  copper  or  mercury 
in  exactly  the  same  proportion  as  glucose. 

Starch  and  starchy  substances  may  be  also  changed  into  sugar 
by  boiling  for  several  hours  with  a dilute  acid.  The  following  is 
a convenient  method; — Two  or  three  strong  assay  flasks  are 
taken,  and  in  each  is  placed  from  -5  to  1 grm.  of  the  substance 
to  be  examined,  with  50  to  60  cc.  of  decinormal  sulphuric  acid; 
the  flasks  are  stoppered  with  caoutchouc  corks,  tied  down  with 
strong  string,  and  capped  with  linen  or  canvas,  and  the  whole 
suspended  in  a water  bath  and  heated  for  from  six  to  eight  hours. 
At  the  end  of  four  hours  one  of  the  flasks  may  be  taken  out, 
cooled,  opened,  and  titrated ; and  at  the  end  of  six  hours  the 
second.  If  there  is  no  marked  increase  in  the  amount  of  sugar 
between  the  first  and  the  second,  the  operation  is  finished ; but 
in  any  other  case  the  third  flask  should  be  heated  for  another 
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four  hours  before  being  examined.  100  parts  of  grape  sugar 
= 90  of  starch,  therefore  each  cc.  of  Fehling’s  solution  ecpials 
4 -5  mgrms.  of  starch. 

(2.)  VoliLmetric  Processes  hj  the  aid  of  Solutions  of  certain  Salts 

of  Mercury, 

Knaj:»p’s  mercuric  cyanide  solution  is  made  by  dissolving  10 
I grms.  of  mercuric  cyanide  in  about  GOO  cc.  of  water,  then  adding 
! 100  cc.  of  caustic  soda  solution  of  specific  gravity  1-145,  and  dilut- 
ing to  1 litre.  40  cc.  of  the  mercury  solution  ai'e  placed  in  a flask, 
heated  to  boiling,  and  the  solution  containing  sugar  run  in 
gi-adually  from  a burette,  four  parts  of  mercuric  cyanide  being 
reduced  to  metallic  mercury  for  every  one  part  of  anhydrous  grape 
sugar  (or,  3-174  parts  of  metallic  mercury  = 1 anhydrous  grape 
sugar).  The  ending  of  the  process  is  discovered  by  moistening 
filter-paper  with  the  clear  solution,  and  holding  quite  close  to  it 
a rod  dij)ped  in  ammonium  sulphide  solution  ; a decided  brown 
coloration  takes  j^lace  if  the  mercury  salt  is  in  excess  j but  if  the 
colour  is  very  faint,  the  operation  is  finished,  for  it  appears  to  be 
impossible  to  decompose  the  whole  salt,  a trace  always  remaining, 
and  for  this  reason  the  solution  should  be  standardised  with 
sugar. 

A.  Sacchse  uses  the  following  solution  for  the  estimation  of  sugar: 
— 18  grms.  of  pure  dry  mercuric  iodide,  and  25  gi'ms.  of  potassic 
iodide  are  dissolved  in  water,  a solution  of  80  grms.  of  caustic 
potash  is  added,  and  the  whole  made  up  to  1 litre.  40  cc.  of  this 
solution  [—  0-72  grm.  HglJ  are  boiled  in  a basin,  and  the  solu- 
tion of  grape  sugar  is  run  in,  until  the  whole  of  the  mercuiy  is 
precipitated.  The  final  point  is  determined  by  spotting  a drop 
of  the  supernatant  liquid  on  a white  slab,  and  there  bringing  it 
into  contact  with  a drop  of  a strongly  alkaline  solution  of 
stannous  chloride.  The  production  of  a Ijrown  colour  shows  the 
presence  of  uuprecipitated  mercury. 

According  to  the  author,  this  mercury  solution  acts  in  different 
ways  toward  inverted  and  grape  sugar,  whilst  Fell  ling’s  solution 
has  the  same  action  on  both.  Hence  by  standardising  the  pre- 
pared mercury  solution  against  grape  sugar,  and  also  against 
inverted  sugar,  and  testing  solutions  of  a mixed  sugar  under 
investigation  both  by  Fehling’s  and  by  the  mercury  solution,  it 
is  possible  by  calculations,  on  the  principles  of  indirect  analysis, 
to  determine  the  relative  proportions  of  grape  and  inverted 
sugar  simultaneously  present  in  a liquid. 

The  above  processes  (and  more  especially  the  copper  ones)  only 
succeed  satisfactorily  when  the  liquid  to  be  tested  is  pretty  welt 
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devoid  of  colour.  From,  certain  very  thick  liquids  it  is  best  to 
-extract  the  sugar  by  dialysis  ; ' but  wines,  beers,  and  similar  fluids 
may  be  clarified  by  sugar  of  lead,  or  by  adding  a little  milk  of 
lime,  and  subsequent  filtration  through  animal  charcoal. 


(3.)  C ravivietrlc  Processes. 

The  gravimetric  processes  are,  upon  the  whole,  more  accurate 
than  the  volumetric,  and  more  generally  ap])licable.  One  of 
the  best  is  that  recently  recommended  by  Dr.  Pavy  : — The 
ordinary  Fehling’s  solution  is  boiled  in  slight  excess  with 
the  substance  containing  glucose  or  lactose,  the  precipitate  of 
suboxide  of  copper  immediately  collected  on  a filter  made  by 
])acking  the  throat  of  a funnel  with  glass  wool,  the  suboxide  of 
-coppei’  dissolved  by  a little  peroxide  of  hydrogen  and  a drop  of 
nitric  acid ; and  lastly,  the  copper  deposited  as  copper  on  a tared 
piece  of  platinum  foil  by  electrolysis,  and  weighed.  The  amount  of 
■copj^er  found,  multiplied  by  -5078,  gives  its  equivalent  in  glucose. 
Dr.  Pavy  recommends  for  the  electrolysis  the  use  of  a constant 
battery,  consisting  of  an  outer  cell  charged  with  bichromate  of 
potash  dissolved  to  saturation  in  dilute  sulphuric  acid,  an  inner 
porous  cell  containing  a little  mercury  at  the  bottom  and  filled 
aip  with  water,  and  having  in  its  centre  an  amalgamated  zinc  rod 
dipping  into  the  mercury.  In  the  outer  cell  are  two  carbon  plates. 
However,  any  other  batteiy  Avill  do,  or  an  ordinary  platinum 
•dish  may  be  coated  with  the  copper,  as  described  in  the  article 
on  the  estimation  of  Copper.  The  method  is  also  applicable  to 
the  mercury  pi’ocesses  just  detailed,  and  either  the  excess  of 
mercury  cyanide  in  a solution,  or  the  precipitated  mercury,  can 
be  collected  on  gold  foil  or  gold  capsules. 

It  is  also  evident  tliat  the  copper  suboxide,  instead  of  being 
weighed  as  copper  or  oxide,  can  be  collected,  washed,  redis- 
solved, and  estimated  volumetrically.  One  of  the  best  methods 
under  these  particular  circumstances  is  to  collect  as  before  on 
glass  wool,  dissolve,  by  the  aid  of  a gentle  heat,  in  a solution  of 
pure  ferric  chloride  with  the  addition  of  a little  sulphuric  acid, 
and  then  titrate  the  solution  of  cuprous  chloride  by  a previously 
standardised  solution  of  permanganate  of  potash. 


(I.)  Physical  Processes  for  the  Determination  of  Sugar. 

The  saccharimeters  in  use  are  numerous,  but  those  only  of  IMit* 
scherlich,  Soleil,  and  Jellett  will  be  described  here.  The  polarising 
instrument  of  Mitscherlich  is  extremely  simple.  (See  Fig.  1.) 
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It  consists  of  a stationary  Nicol’s  prisiii  in  a,  a plano-convex  lens 
in  h,  and  a rotating  Nicol’s  prism  c.  The  first  prism  polarises 
the  light,  and  the  use  of  the  second  is  to  indicate  the  plane  of 
the  polarised  ray  coming  from  the  first.  The  second  prism  is 
therefore  set  in  a graduated  circle  dd,  and  is  provided  with  'an 
index  f,  and  there  is  a handle  c,  whicli  turns  both  prism  and 
index.  If  the  index  be  either 
at  0°  or  180°,  and  an  observer 
look  through  the  tubes 
towards  the  source  of  light, 
the  flame  is  seen  divided  by 
a vertical  line  into  two  equal 
parts;  if  now  the  tube,  sup- 
plied with  the  instrument, 
be  filled  with  the  liquid  to 
be  examined,  and  interposed 
between  the  lens  and  the 
second  prism,  should  it  con- 
tain sugar  or  other  polarising 
substance,  the  black  stripe 
is  no  longer  in  the  middle  of 
the  field,  and  the  handle 
moving  the  index  and  prism 
must  be  tiumed  until  the 
black  stripe  is  seen ; or,  if  the 
stripe  is  broad  and  undefined, 
the  prism  is  turned  until  the 
exact  point  is  reached  in  which  blue  changes  into  red — the 
index  at  this  point  marking  the  amount  of  the  polarisation  by 
the  scale  and  the  direction;  for  if  the  index  has  to  be  turned  to 
the  right,  the  polarisation  is  -i- , or  right-handed  ; if  to  the  left  — , 
or  left-handed. 

In  order  to  make  this  quantitative,  and  to  estimate  the  specific 
rotation  of  a sugar  (ne.,  the  number  of  degrees  of  rotation  observed 
when  1 grm.  of  the  sugar  is  dissolved  in  1 cc.  of  fluid,  and  observed 
by  yellow  light  through  a tube  1 decimetre  long),  it  is  necessary 
to  dissolve  a known  weight  of  the  pure  sugar  in  water ; then  if  the 
length  of  the  tube  be  known,  and  the  temperature  of  the  solution 
and  the  rotation  be  observed,  all  the  necessary  data  are  obtained. 
For  example,  let  the  rotation  = a,  the  length  of  the  tube  in 
decimetres  = 1,  the  weight  of  substance  in  1 cc.  of  fluid  = 
then  the  specific  rotation  for  yellow  light — 


Fif'".  1. 
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a, 


+ — 
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or 


(«)./  = ± - 
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the  sign  (a)j  being  in  use,  signifying  yellow  light.  Or,  to  take 
an  actual  example:  14'3  gnus,  of  a substance  dissolved  in  100  cc. 
(•143  grin,  in  each  cc.),  and  a 2 decimetre  long  tube  filled  with 
this  liquid,  the  rotation  on  the  scale  being  1G°  to  the  right,  then 


IG 

0,143-2 


= 55-94, 


and  55-94  is  the  specific  rotation.  The  best  source  of  light  for 
accurate  researches  is  a Bunsen  bui-ner,  in  the  middle  of  which 
there  is  a little  pellet  of  sodium  held  on  a wire.  This  source  of 
light  in  formulae  is  usually  indicated  by  («)/>. 

Provided  there  be  only  one  sugar  in  the  fluid  under  investiga- 
tion, the  specific  rotation  of  which  is  known,  the  weight  of  the 
sugar  in  1 cc.  of  the  fluid  is  estimated  by  the  following  foi'inula  : 

where  a equals  the  observed,  and  (a)  the  specific 

(a)  1 
rotation. 


SoleiV s Saccharimeter. 


Soleil’s  saccharimeter  {See  Plate)  consists  of  three  essential 
parts,  two  of  which  are  fixed  (Fig.  1),  AB  and  CD,  the  other 
movable,  which  is  inserted  between  B and  G,  and  which  is  some- 
times the  tube  BC  20  centimetres  long  (Fig.  2),  and  sometimes 
the  tube  B'C'  (Fig.  3),  22  centimetres  long,  furnished  with  a 
thermometer,  T.  These  tubes  are  destined  to  contain  the 
saccharine  solutions,  the  A'alue  of  which  is  to  be  determined. 

The  movable  parts  are — 

(1.)  The  small  movable  tube  D'D  (Fig.  1),  carrying  the  eye- 
piece, which  focuses  by  drawing  in  and  out. 

(2.)  The  little  button  V (Fig.  4),  serves  to  adjust  the  zero  of 
the  scale  with  the  zero  of  the  indicator. 

(3.)  The  large  milled  screwhead  on  the  vertical  axis  H (Fig.  1), 
by  whicli  is  rendered  uniform  the  tint  observed. 

(4.)  The  milled  ring  B (Figs.  1 and  2),  by  the  aid  of  which 
they  give  to  this  same  tint  the  colour  which  lends  itself  best  to 
a jirecise  valuation. 

(5.)  Lastly,  the  divided  scale  HR  (Fig.  4),  on  which  is  read  the 
number  giving  the  richness  of  the  sugar  under  examination. 

The  details  of  o})erating  are  as  follows: — The  lamp  is  adjusted 
so  that  its  light  traverses  the  axis.  A tube  similar  to  that 
which  contains  the  saccharine  solution  is  filled  with  pure  watei', 
and  is  adjusted  in  the  place  provided  for  it  between  the  ocular  and 
objective  portion.  Then  ajiplying  the  eye  at  D (Fig.  1),  the  tube 
DD'  is  either  pushed  out  or  in,  until  the  field  is  seen  divided 
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into  two  equal  halves,  coloured  with  one  and  the  same  tint,  or 
two  different  tints  sepai-ated  from  each  other  by  a black  line, 
which  should  be  very  sharply  defined.  If,  as  generally  happens, 
the  two  half-discs  have  not  the  same  tint  or  shade,  the  large 
horizontal  button  H is  turned  either  way  until  the  desired  result 
is  obtained. 

It  is  not  only  necessary  that  the  twm  half-discs  should  have 
the  same  tint  or  colour,  but  in  order  to  be  extremely  exact,  that 
tint  should  be  the  one  most  sensible  to  the  eye  of  the  observer ; 
and  as  all  eyes  are  not  equally  sensible  to  the  same  tint,  the 
proper  colour  must  be  found  by  experiment. 

The  zero  line  on  the  scale  must  coincide  exactly  with  the  black 
line  of  the  indicator  I (Fig.  4).  If  the  coincidence  is  not  perfect, 
it  may  be  established  by  turning  either  way  the  little  button 
V until  this  is  accomplished. 

The  instrument  once  adjusted,  the  examination  of  the  sugar 
may  be  commenced. 

The  tube  BC,  filled  with  the  saccharine  solution,  is  substituted 
for  that  filled  with  water,  or  if  an  inverted  sugar  is  taken,  then 
B'C'  is  filled.  On  now  looking  through  the  instrument,  it  is 
seen  that  uniformity  of  tint  no  longer  exists,  and  that  the  two 
half-discs  are  coloured  by  diffei’ent  shades.  The  uniformity  is 
re-established  by  turning  the  large  horizontal  button  H until 
the  two  half-discs  are  again  uniform. 

As  the  saccharine  solution  is  mostly  coloured,  the  uniform 
tint  re-established  .is  not  in  general  the  sensible  tint,  to  wliicli, 
however,  it  is  necessary  to  return,  and  which  the  colour  of  the 
solution  has  caused  to  disappear.  The  milled  head  B is  then 
turned  to  cause  the  sensible  tint  to  reappear;  this  tint  returned, 
the  equality  of  shade  of  the  two  half-discs,  if  not  quite  perfect, 
must  be  made  so  by  turning  again  H.  It  now  only  remains  to 
read  the  degree  on  the  scale  BB',  to  wbich  the  index  answers ; 
the  number  corresponding  to  this  degree  gives  immediately  in 
lOOths  the  litre,  or  the  richness  of  the  solution. 

The  preparation  of  the  saccharine  solutions  is  as  follows  : — 

(1.)  Normal  solutions  of  imre  sugar. — lG-350  gnus,  of  pure 
sugar  are  dissolved  in  water,  the  volume  made  uj)  to  100  cc.,  and 
observed  in  a tube  20  cms.  in  length ; mailcs  100  degrees  on  the 
saccliarimeter. 

(2.)  The  raw  sugar  of  commerce.— 16-350  grms.  of  the  sugai- 
are  powdered  and  dissolved  in  w^ater,  and  the  whole  made  up  to 
100  cc.;  if  the  solution  is  too  dark,  it  may  be  clarified  by  sugar 
of  lead.  The  tube  BC  is  filled  with  the  solution  thus  prepared 
and  adjusted. 

(3.)  The  next  operation  is  to  invert  the  sugar.  5 cc.  of  fum- 


14 


A MANUAL  OF  I’llACTICAL  CIIEMISTllY. 


[§ 


ing  HCl  are  added  to  50  cc.  of  the  sugar  solution,  and  heated  in 
the  water  hath  up  to  68°C.  ; when  that  temperature  is  I'eached, 
the  solution  is  put  in  the  tube  B'C',  its  rotating  power  (whicli 
is  now  inverse)  observed,  and  at  the  same  time  the  temperature 
at  the  moment  of  the  observation. 

We  have  now  all  the  data  necessary,  and  the  amount  of  sugar 
may  be  readily  found  by  tables,  such  as  those  of  M.  Clerget,  or 
by  the  formula  as  below. 

Supposing  the  number  given  by  the  lirst  observation  is  75,  bv 
the  second  (inverted)  21,  at  a temperature  of  12°C.,  the  sum  of 
the  two  numbers  (75  + 21)  makes  96.  ISlow,  in  referring  to 
M.  Clerget’s  table,  under  12°,  or  in  the  third  column  corre- 
sponding to  the  temperature  of  12°,  the  nearest  number  to  96° 
is  in  this  instance  95 '6;  the  horizontal  line  in  which  95-6  is 
placed. is  followed,  and  there  is  found,  first,  in  the  column  A the 
figures  70  per  cent,  of  pure  crystalline  sugar;  secondly,  in  the 
column  B,  the  figures  114’45,  placed  by  the  side  of  70,  which 
indicates  that  the  saccharine  solution  examined  contains  per  litre 
114'45  grms  of  pure  sugar.  If,  howevei’,  as  sometimes  happens, 
the  solution  contains  a polarising  substance  not  modified  bv 
acids,  in  such  a case  the  difference  of  the  two  niimbers,  and  not 
the  sum,  is  to  be  taken  and  dealt  with  as  before.  It  is  scarcely 
necessary  to  remark,  that  if  the  substance  is  known  to  contain 
only  crystallisable  sugar,  and  the  tiibe  BC  be  filled,  one  observa- 
tion alone  suffices. 

If  tables  arc  not  at  hand,  the  following  formula  can  be  used:  — 
Let  T be  the  temperatui’e,  S the  sum  or  diftei-ence  of  the  two 
determinations,  P the  rotatory  power,  B the  quantity  of  sugar 
contained  in  1 litre  of  the  solution — 


P = 


200S 
288  - T 
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P X 1-635  grms. 


Professor  Jellett's  instrument  is  a little  more  elaborate  than 
Soleil’s,  and  of  great  accuracy.  The  eye-piece  or  analyser  of  the 
appai’atus  consists  of  a suitably  mounted  prism,  made  from  a 
rhombic  ])rism  of  Iceland  spar.  The  rhombic  prism  is  cut  by 
two  planes  perpendicular  to  the  longitudinal  edges,  so  as  to  form 
a right  prism.  The  prism  is  next  divided  by  a ])lane  parallel  to 
the  edge  just  produced,  and  making  a small  angle  with  the  longer 
diagonal  of  the  base.  One  of  the  two  parts  into  which  the  prism 
is  thus  divided  is  then  reversed,  so  as  to  place  the  base  upper- 
most, and  the  two  parts  arc  connected  togetlier. 

Another  distinctive  featvire  of  the  instrument . is,  that  the 
mechanical  rotation  of  the  analyser  for  the  finding  of  any  par- 
ticular plane  is  dispensed  with,  this  function  being  transferred 
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to  a fluid  which  has  the  power  of  tuiuiing  the  plane  of  polarisa- 
tion opposite  to  that  of  the  solution  to  he  examined.  The- 
analysing  tube  slips  into,  and  moves  up  and  down  in,  the  com- 
pensating fluid,  so  that  different  thicknesses  of  the  latter  fluid 
can  be  readily  interposed  and  measured  by  a scale  fixed  to  the 
instrument. 

The  SaccJiarrimetre  a Penomhrh,  of  which  the  principle  was 
enunciated  by  M.  Jellet,  as  constimcted  by  M.  Duboscq,  has 
some  veiy  great  advantages.  It  requires  the  employment  of  a 
simple  light,  and  the  field  does  not  present  to  the  eye  for  com- 
parison two  different  colours,  but  two  intensities  sensibly  diverse 
of  one  and  the  same  colour,  so  that  the  least  Amriation  can  be 
appreciated.  The  simple  light  is  best  obtained  by  the  insertion 
of  a bead  of  some  salt  of  soda  on  a platinum  wire  in  the  flame  of 
a Bunsen  burner. 


III.— STARCH,  CoHjoO.^. 

§ 3.  It  is  convenient  to  consider  the  starches  together,  more 
especia,lly  as,  however  varied  in  form,  the  chemical  composition 
I of  all  starch  is  very  similar,  if  not  identical. 

Every  starch  corpuscle  is  composed  of  at  least  tAvo  probably 
isomeric  bodies,  the  one  granulose,"  soluble  in  salh'a,  and 
coloured  blue  by  iodine  : the  other  coloured  by  iodine  pale 
yellow,  and  only  becoming  blue  after  the  addition  of  sulphuric 
acid ; it  is  fully  soluble  in  ammoniacal  oxide  of  copper,  and 
appears  to  agree  A’ery  closely  with  the  characters  of  cellulose. 

These  two  substances  may  be  most  readily  separated  by 
diluted  chromic  acid,  which  dissolves  granulose  very  easily, 
whilst  cellulose  remains  unaltered.  iVll  starch  is  very  hygro- 
scopic ; Avheat  starch,  dried  in  a vacuum,  still  contains  11  per 
cent,  of  Avater,  and  air-dried  from  16  to  28  per  cent,  of  Avater. 
Starch  is  insoluble  in  cold  water  or  spirit.  Some  chemists, 
indeed,  assert  that  if  finely  poAvdered  in  agate  mortars,  or  with 
quartz  sand,  a small  portion  dissolves  ; others  contend  that  this 
IS  no  true  solution,  but  the  starchy  matter  in  a state  of  most 
minute  diAusion.  If  Avarmed  Avith  Avater,  the  starch  granules 
SAvell,  and  Avhen  heated  up  to  100°  most  starches  form  a semi- 
solution in  Avater.  True  compounds  of  starch  Avith  bases  are 
scarcely  established.  Lime  and  baryta  appear  to  form  Aveak 
unions,  and  the  intense  colour  produced  by  iodine,  as  Avell  as 
bromine,  seems  to  point  to  the  formation  of  haloid  corabina- 
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tions,  Flitsclie,  indeed,  states  tliat  lie  lias  isolated  tlie  iodide 
and  the  bi'omide  of  starch,  the  former  containing  ten  equivalents 
of  starch  and  one  of  iodine. 

Starch  heated  in  closed  tubes  up  to  100°O.  changes  gradually  into 
soluble  starch.  If  the  temperature  is  raised  up  to  160°  or  200°C. 
it  forms  a transparent  mass,  consisting  wholly  of  dextrine.  At 
220°  to  280°  still  further  change  is  produced,  and  the  result  is 
pjjrodextrin,  a substance  easily  soluble  in  water  (but  insoluble 
in  absolute  alcohol  and  ether),  and  with  the  composition  of 
O^gHggOgQHO.  At  still  higher  temperatures  there  is  carbonisa- 
tion, and  the  formation  of  products  similar  to  those  caused  by 
the  decomposition  of  sugar. 

Starch  is  easily  changed  into  sugar  by  the  action  of  dilute 
mineral  acids,  as  well  as  by  oxalic  acid,  aqueous  chloride  of  zinc, 
and  by  certain  ferments — diastase,  saliva,  yeast,  &c. 

The  estimation  of  starch  in  organic  bodies  generally  is  best 
carried  out  as  follows  : — The  povnlered  and  dried  substance  is 
heated  in  a 5 per  cent,  solution  of  caustic  potash  in  absolute 
alcohol,  in  a closed  tube  in  the  water-bath  for  twenty-four  hours, 
and  filtered  Avhile  hot.  The  residue  is  washed  first  with  absolute 
alcohol,  and  then  with  ordinary  alcohol,  dried,  and  heated  with 
a solution  of  2 per  cent,  hydrochloric  acid,  in  a flask  fitted  to  a 
vertical  condenser,  until  a blue  colour  is  no  longer  produced 
by  iodine.  (See  also  p.  8.)  Tlie  sugar  is  then  estimated  in  the 
ordinary  way. 

Microscopiccd  Identification  of  /Starches. 

The  successful  microscopical  examination  of  starches  requires 
])ractical  study,  and  those  who  desire  to  identify  them  must  use 
all  drawings  and  descriptions  as  guides  merely.  It  is  not  easy 
to  preserve  starches  mounted  as  microscopical  objects,*  and  the 
analyst  is  therefore  recommended  to  fit  up  a little  case,  in  small, 
wide  specimen-tubes,  so  that  he  can  have  at  hand  a sample 
of  every  kind  of  starch  possible  to  be  obtained.  These  samples 
should  be  arranged  in  the  five  classes  recently  described  by  Dr. 
I\Iuter,t  a method  which  is  strictly  followed  in  this  work. 

A high  magnifying  power  is  not  required,  save  for  the  very 
minute  starches,  such  as  rice  and  pepper.  For  ordinary  work  a 
magnifying  power  of  250  diameters  is  ample.  Dr.  Muter’s  classi- 
fication of  starches  was  founded  on  observations  with  a B. 
jnicrometer  eye-piece  and  a inch  power. 

The  value  of  the  divisions  of  the  eye-piece  micrometer  in  use 

According  to  Muter,  a inounting  medium  of  1 part  of  glycerine  to  2 of 
water  preserves  the  characters  of  starch  longest.  ° 

+ “ Organic  ^lateria  Medica.”  London,  iSTS. 
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must  of  course  be  first  obtained.  This  is  easily  done  by  com- 
paring a stage  micrometer,  graduated  in  parts  of  an  inch  or  a 
millimetre,  with  the  micrometer.  Thus,  for  example,  supposing 
23  main  divisions  equal  -01  of  an  inch,  then  each  division  equals 
"1  = -0004  inch  for  the  particular  power  in  use;  for  it  is  scarcely 
necessary  to  say  that  the  values  differ  for  each  power,  and  the 
observer  should  fix  a card  in  his  microscope-table,  with  the  exact 
values  of  his  microscopic  scale  with  difterent  eye-pieces  and 
object  glasses.  It  is  also  by  no  means  useless  to  observe  the 
varioixs  samples  of  starch,  and  make  tables  of  their  dimensions. 
The  proper  way  to  do  this  is  to  put  the  smallest  possible  quantity 
of  the  well-mixed  starch  on  a glass  slide,  add  a droplet  of  dis- 
tilled Avater,  cover  with  a thin  glass,  take  the  exact,  size  of  all 
the  starches  in  the  held,  enumerate  them,  and  Avork  them  out 
into  percentages  for  future  reference. 

The  illumination  of  starches  is  to  be  particularly  attended  to. 
The  light  must  strike  obliquely  thi'ough  the  granules,  in  order 
to  observe  the  rings,  Avhich  are  by  no  means  so  easily  seen  as 
diagrams  Avould  indicate. 

Polarised  light  is  also  useful,  especially  in  the  diagnosis  of 
certain  starches.  Thus,  the  polarised  starch  of  wheat,  Avhen 
<;xamined  in  Avater,  exhibits  a dull  cross ; that  of  jalap,  in  shape 
and  size  like  Avheat,  polarises  brightly. 

If  adulteration  in  any  case  has  been  made  out,  approxirna- 
tiA’e  quantitatiA'e  results  maybe  obtained  by  making  a standard 
mixture  of  the  genuine  starch  Avith  the  adulterant  found,  and 
then  counting  the  individual  grains  in  the  microscopic  field. 
Thus,  for  example,  supposing  oatmeal  to  be  found  adulterated 
Avith  barley-starch,  and  from  a preliminary  examination  the 
mixture  supposed  to  be  40  per  cent.,  Ave  proceed  as  folloAvs  : — 

Pure  barleymeal  and  oatmeal  are  carefully  dried  at  100°C.  and 
mixed  so  that  the  mixture  is  exactly  40  per  cent.  A feAv  grains 
of  this  poAvder  arc  noAV  rubbed  up  with  glycerine  and  alcohol 
into  a smooth  paste,  Avhich  is  then  further  diluted  to  a certain 
bulk,  a drop  taken  out  Avith  a glass  rod,  and  coA^ered  Avith  a 
glass,  Avhich  is  gently  pressed  doAvn.  The  number  of  gTains  of 
l)arley  and  oat  starch  are  noAv  counted,  and  their  relative  pro- 
])ortion  noted,  and  an  exactly  similar  process  is  applied  to  the 
oatmeal  in  question.*  If  proper  care  be  taken  to  repeat  the 
experiments,  the  result  is  a near  approximation  to  the  truth. 

* See  a paper  by  E.  L.  Cleaver,  F.C.S. , Anahjet,  January  31,  1877. 
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Class  I. — The  hiluin  and  concentric  rings  clearly  visible,  all  the 
starches  oval  or  ovate.  The  group  includes  tons  les  mois,  potato, 
arrowroot,  calumba,  orrisroot,  ginger,  galangal,  and  turmeric. 

Tons  les  mois,  or  Ganna  arrowroot,  is  furnislied  by  the  Canna 
edulis,  nat.  order  Marantacece.  The  granules  vary  in  diameter 
from  -0939  to  -0469  mm.  [-00370  to  -00185  inch].  They  pi-esent 
themselves  under  several  forms,  the  smaller  being  granular  or 
ovoid,  the  larger  pyriform,  whilst  the  largest  granules  are  flat, 
oval,  and  pointed  at  their  extremities.  The  hilum  is  annular, 
eccentric,  the  rings  are  incomplete,  extremely  fine,  narrow,  and 
regular.  The  starch  dissolves  easily  in  boiling  water  j solution 
of  potash  causes  the  granules  to  swell  rapidly,  and  gives  to  the 
hilum  and  lines  remarkable  clearness. 

Tons  les  mois  can  only  be  confused  with  the  potato  ; the  size 
is  the  chief  distinction.  The  granules  burst  in  wniter  at  72°C., 
and  they  give  a more  regular  cross  when  examined  by  polarised 
light  than  those  of  the  potato. 

Curcuma  arroioroot,  which  is  also  called  East  Indian  (though 
the  arrowroot  ordinarily  sold  as  East  Indian  is  a Maranta),  is 
furnished  by  the  Curcuma  angustifolia.  The  granules  are  elon- 
gated triangular,  or  irregularly  oval,  flattened,  and  almost  trans- 
parent. The  normal  measurement  varies  from  -0304  to  -0609  mm. 
[-0012  to  -00238  inch].  The  hilum  is  eccentric,  not  very  distinct; 
the  concentiic  rings  are  clearly  visible,  and  form  segments  of  a 
circle.  The  application  of  heat  or  a solution  of  potash  deforms 
the  gi'ains  in  a very  irregular  manner ; they  begin  to  swell 
about  72°C. 

Maranta  arrowroot,  syn.  Jamaica,  St.  Vincent,  is  derived  from 
Maranta  arundinacece.  The  granules  are  somewhat  ovoid, 
flattened,  and  tending  to  a triangular  shape  in  the  larger,  but 
the  smaller  may  be  circular.  The  concentric  layers  are  always 
visible  and  numerous,  but  not  very  marked.  Nucleus  is  central, 
or  about  } eccentric — in  some  circular,  in  others  linear  ; from 
the  nucleus  a little  slit,  filled  with  air,  often  goes  to  the  edge. 
Length  of  granule  0-010  to  0*070  mm.,  average  0-036  iniu. 
[ = -00138  inch].  Tumefaction  in  water  begins  at  76°C.  The 
specific  gravity  of  the  starch  taken  in  petroleum  or  benzole  is 
L504;  if  dried  at  100°C.,  1-565. 

JVatal  arrowroot  is  probably  the  produce  of  Maranta  arun- 
dinaceoi,  the  same  ])lant  from  which  Maranta  itself  is  derived, 
but  growing  in  a different  climate.  The  majority  of  the  granules 
are  broadly  ovate,  but  some  are  occasionally  circular.  The 
dimensions  are  from  *0375  to  *0327  mm.  [-00148  to  -00129  inch]. 
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The  eccentricity  of  the  hilum  ranges  between  and  The 
laminse  appear  under  water  with  special  clearness,  and  on  this 
account  granules  of  i^’atal  arrowroot  have  been  frequently  mis- 
taken for  those  of  the  potato. 

Potato  starch,  syn.  Potato  arroicroot. — The  starch  derived  from 
I the  potato  {Solarium  tuberosum).  The  granules  vary  greatly 
in  shape  and  size,  some  being  small  and  circular,  others  large, 
ovate,  and  oyster-shaped.  The  hilum  is  annular,  and  the  con- 
centric rings  incomplete.  In  the  larger  granules  the  rings  are 
numerous  and  distinct.  The  normal  dimensions  are  -037G  to 
•06858  mm.  ['0027  to  •00148  inch].  The  eccentricity  averages 
The  granules  float  on  chloroform. 

Potato  starch  is  frequently  used  as  an  adulterant  of  the  arrow- 
roots.  The  most  reliable  method  of  examination  is  careful 
microscopic  observation,  but  there  is  also  a different  behaviour 
with  regard  to  reagents,  viz.  ; — 

(1.)  Maranta  arrowroot,  mixed  with  twice  its  weight  of 
[ hydrochloric  acid,  produces  a white  opaque  paste,  whereas  potato 
I starch  treated  similarly  produces  a paste  transparent  and  jelly- 
1 like. 

(2.)  Potato  starch  evolves  a disagreeable  and  peculiar  odour 
I when  boiled  with  dilute  sulphuric  acid,  which  is  not  the  case 
I with  arrowroot. 

(3.)  An  acrid  oil  may  be  extracted  from  the  starch  of  the 
potato,  but  not  from  that  of  the  Maranta. 

Ginger. — The  granules  are  variable  in  sliape,  but  characteristic. 
The  usual  form  may  be  described  as  shortly  conical  with  rounded 
angles  j the  hilum  and  rings  are  very  faint.  Measurement  about 
•0376  mm.  [ = 'OOldS  inch]. 

The  remaining  starches  belonging  to  this  group  are  distin- 
guished as  follows : — 

Galangal  granules,  skittle-shaped,  with  faint  incomplete  rings, 
an  elongated  hilum,  with  a normal  measurement  of  '0342  mm. 
[•00135  inch]. 

Calumba. — The  starch  granules  of  Calumba  are  variable  in 
form,  most  of  them  are  pear-shaped.  They  have  a semilunar 
hilum,  and  faint  complete  rings.  The  measurement  is  about 
•0469  mm.  [-00185  inch]. 

Orrisroot. — The  starch  granules  are  of  a characteristic  elongated, 
oblong  shape,  with  a faint  hilum.  Measurement  -028  mm. 
[•00092  inch]. 

Turmeric  has  oval,  oblong,  conical  granules,  with  the  rings 
well  marked  and  incomplete.  Normal  measurement  '03/6  mm. 
[•00148  inch]. 
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Class  IT. — The  concentric  rings  all  hut  invisible ; hxlnm  stellate. 
To  this  group  belong  the  starches  of  the  bean,  maize,  lentil, 
dari,  and  nutmeg. 

Tlie  nucleus  of  tlie  Leguminosa;  is  seen  usually  as  a long,  more 
or  less  stellate,  air-filled  black  hollow.  The  concentric  layers 
are  i-ecoEjnisable  if  the  starch  is  treated  with  chromic  acid. 

The  starch  from  the  bean,  pea,  and  lentil  are  in  shape  oval, 
oblong,  and  almost  identical;  but  the  bean  and  pea  have  both 
a stellate  hilum,  whilst  that  of  the  lentil  is  a long  depres- 
sion. The  granules  of  the  bean  are  fairly  uniform  in  size,  aver- 
aging -0343  mm.  [-00135  inch] ; those  of  the  pea,  on  the  other 
hand,  are  very  variable  in  size,  ranging  from  -0282  to  -0177  mm. 
[-00111  to  -0007  inch],  the  smaller  size  predominating.  The 
lentil  gi-anules  average  -0282  mm.  [-00111  inch].  The  granules 
of  the  nutmeg  are  of  small  size  and  of  characteristic  shape. 
Measurement  about  -014  mm.  [-00055  inch].  The  starch  from 
the  dari  is  in  small  elongated  hexagons;  average  size  -0188  mm. 
[-00074  inch].  The  starch  from  maize  varies  in  shape  from  round 
to  polyhedi-al;  the  granules  are  the  same  size  as  those  of  the  dari; 
the  distinguishing  mark  is  the  rounded  angles  of  the  polygonal 
granules. 

Class  III. — Starches  having  both  the  concentric  rings  and  hilum 
invisible  in  the  majority  of  gramdes.  This  important  class 
includes  wheat,  barley,  rye,  chestnut,  acorn,  and  a variety  of 
starches  derived  from  medicinal  plants,  such  as  jalap,  rhubarb, 
senega,  iL'c.,  cOc. 

Wheat  starch  is  extremely  variable  in  size,  being  from  -21G  to 
-0022  mm.  [-00185  to  -00009  inch].  The  granules  are  circular,  or 
nearly  so,  and  flattened.  Polarised  light  shows  a cross,  but  in 
water  the  effect  is  not  great. 

Barley. — The  granules  of  barley  are  of  fairly  uniform  size,  ;\'iz., 
-0180  mm.  [-C0073  inch],  but  a few  measure  -07  mm.  The  shape 
of  the  starch  is  that  of  slightly  angular  circles. 

llye. — Kye  starch  is  similar  in  shape  to  barley  starch.  The 
measurements  are  from  -0375  to  -0022  mm.  [-00148  to  -00009]. 
The  small  granules  are  perfectly  round,  and  here  and  there 
cracked. 

Chestnut. — The  starch  grains  vary  much  in  form;  they  are 
round  or  elliptical,  or  three-  or  four-angled,  with  the  angles 
rounded.  In  the  place  of  a nucleus  there  is  almost  always  a 
central  hollow  filled  with  air.  The  size  is  small  and  reo-ular. 
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being  from  -022  to  -0022  mm.  [-0009  to  -00009  inch],  and  this 
regularity  of  size  is  the  chief  means  of  distinction. 

Acom. — The  starch  grannies  of  the  acorn  are  almost  round,  or 
round-oval.  A nucleus  may  be  made  ont  after  treatment  with 
clu'omic  acid;  eccentricity  1.  Normal  measurement  -0188  mm. 
[-00074  inch]. 

Class  IV.  — A ll  the  granules  truncated  at  one  end.  This  class  includes 
sago,  tapioca,  and  arum,  besides  severed  drugs,  viz.,  the  starches 
from  belladonna,  colchicmn,  scammony,  podophyllum,  canella, 
aconite,  cassia,  and  cinnamon. 

Sago. — A starch  obtained  fx-om  tlie  pith  of  certain  species  of 
palms,  especially  Sagus  levis,  and  S.  Rumphii.  It  exists  in  com- 
merce as  raw  and  as  prepared  sago ; both  have  oval-ovate  gi-anules, 
the  normal  measurements  of  which  are  from  -0660  to  -0282  mm. 
[-0026  to  -00111  inch].  Thex-e  is  a circxxlar  hilxxxxx  at  the  convex 
end  of  the  x-aw  sago  gi-anules,  aixd  rixxgs  are  faixxtly  visible;  bxxt 
starch  granxxles  fx-om  prepared  sago  have  a lax-ge  oval  or  circxxlar 
depression,  covex-ing  ixearly  one-third  of  each  gx-axxule. 

Tapioca  is  a stax-ch  fxxx’xxished  by  the  Manihot  utilissima,  which 
is  mox-e  or  less  altered  by  heat,  havixxg  been  dried  oix  hot  plates. 
This  caxxses  some  of  the  grxiixxxles  to  swell,  and  thus  renders 
indistiixct  ixx  sonxe  cases  the  origixxal  strxxcture.  The  starch  is  iix 
groxxps  of  2 to  8,  or  ixx  isohxted  gx-anules.  When  x-esting  on  its  flat 
surface,  the  gx-axiule  shows  a little  circle,  axxd  roixixd  this  is  a broad 
flat  zoixe ; bxxt  if  x-esting  on  its  curved  sxxx-face,  the  graixxxle  shows 
contoxxrs  vax-ying  froixx  a kettle-drxxnx  to  a sxxgax--loaf  shape,  axxd 
it  caix  then  Ixe  x-ecognised  that  the  xxxxcleixs  does  not  lie  in  the 
centre,  bxxt  ixx  the  axis  of  the  graxxxxle,  axxd  always  xxeax-ex-  to  the 
cxxrved  thaix  to  the  flat  sxxrface.  A coixical  hollow  exists  xxnder 
the  nxxclexxs,  tilled  with  a sxibstance  slightly  refx-actiixg  light. 
The  ixormal  measxxrexnexxt  is  from  -01879  to  -0140  mxn.  [-00074 
to  -00055  inch]. 

Arum  starch,  sometimes  called  Arum  arrowroot,  has  somewhat 
smaller  gx-ains  thaxx  tapioca ; they  xire  trxixxcated  by  two  facets, 
the  hihxm  is  eccexxtx-ic.  The  nornxal  nxeasxxrcxxxeixt  is  aboxxt 
-014  inxxx.  [-00056  inch]. 

Class  V.  — In  this  class  cdl  the  granules  are  anejidar  in  form  ; it 
includes  oeds,  tacca,  rice,  and  pepper,  as  loell  as  ipecacuanha 
starch. 

Oat  starch  or  meal. — The  starch  of  the  oat  is  xnostly  polyhedx-al, 
beixxg  ix-regxxlax'ly  fx-om  thx-ee-  to  six-sided — -0094  mxn.  [-00037 
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inch].  The  principal  starch  with  wliicli  it  has  been  found 
adulterated  is  barley;  but  great  caution  must  be  used,  for  oat- 
meal contains  little  round  masses  extremely  similar  to  barley. 

Tacca  arrowroot,  also  called  Tahiti  arrowroot,  is  exti-acted  from 
the  Tacca  Oceanica  and  pinnatijida.  The  granules,  when  viewed 
sideways,  are  muller-shaped,  with  truncate  or  dihedral  bases  ; 
when  seen  endways  they  appear  circular,  occasionally  angular  or 
polyhedral ; sometimes  a sort  of  contraction  gives  them  a sub- 
pyriform  appearance.  The  hilum  is  well  developed,  often  starred. 
The  normal  measurement  is  from  'OlOO  to  *0094  mm.  ['00075  to 
•00037  inch].  It  may  be  confused  with  maize  starch,  but  tacca 
has  sharp  angles;  maize,  rounded. 

Rice  starch. — Each  individual  grain  is  polygonal,  mostly  five- 
or  six-sided,  here  and  there  three-sided.  If  a high  magnifying 
power,  such  as  |-  or  be  used,  a starred  hilum  may  be  seen. 
The  normal  measurement  is  fi’oni  -0070  to  '0050  mm.  ['0003  to 
•0002  inch].* 

* Since  we  have  devoted  no  chapter  to  the  consideration  of  rice,  it  may  he 
Avell  to  state  briefly  its  composition  here : — 


Composition  of  Rice  (Lethkby). 

Nitrogenous  matter— Gluten,  . . . . . (5 -3 

Carbo-hydrates,  . . . . . . . . 79'5 

Fatty  matter,  . . . . . . . . 0'7 

Saline  matter,  ...  . . . . . 0‘5 

Water, 1,‘PO 

Tout) 

Composition  of  Dried  Rice  (Payen). 

Nitrogenous  matter, 7-55 

Starch, S8  '65 

Dextrine,  &c.,  ......  . . 100 

Fatty  matter, 0 '80 

(Cellulose, .1-10 

Mineral  matter, 0 90 

100  00 

The  following  is  the  composition  of  the  ash  of  rice  : — 

Potash,  . 18-48 

Soda, 10 '67 

7.,ime, 1 27 

Magnesia, 11  GO 

Oxide  of  iron, 0'45 

Phosphoric  acid,  ........  o3-36 

Chlorine,  .........  0'27 

Silica, _ 3-3o 

"Y)9-54 


An  oil  may  be  obtained  from  the  embryo  of  rice.  It  has  a density  of  •9‘24 
at  15°p.,  and  at  5°C.  acquires  a butyraceous  consistence.  It  contains  a large 
quantity  of  oleic  acid,  and  much  albuminous  matter. — (A.  P.vvesi  and  E. 
Kotondi,  Cazzetta  Chimica  Italiana,  iv.  192-193.) 
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Tep'per. — The  starch  of  pepper  is  in  small  })olygonal  granules, 
each  of  ■which,  with  a high  magnifying  power,  is  seen  to  possess 
a hilum.  The  normal  measurement  is  from  ’0050  to  •0005  mm. 
[•0002  to  ^00002  inch]. 
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§4.  Constituents  of  Flour. — Flour,  in  the  common  acceptation 
of  the  term,  is  ground  wheat  freed  from  bran. 

The  ijliysical  characters  which  flour  should  possess  are  as  fol- 
lows : — It  should  he  an  almost  pei’fectly  white,  fine  powder, 
with  only  the  slightest  tinge  of  yellow;  the  odour  should  L(^ 
sweet,  and  it  shoiild  be  free  from  acidity.  It  should  exhibit  no 
trace  of  bran  when  pressed  smooth  with  a polished  surface ; and 
it  should  have  a certain  amount  of  cohesiveness  sufficient  to 
retain  for  some  time  any  shape  impressed  upon  it  by  squeezing. 
The  microscopical  characters  of  good  flour  are  ; the  absence  of 
foreign  starches,  of  fungi,  &c.,  and  the  presence  alone  of  the 
elements  of  ground  wheat.  (See  pp.  15-19,  for  measurements  of 
the  starches.) 

The  chemical  composition  of  ground  wheat  is  represented  in 
the  following  tal)le,  giving  the  mean  of  fourteen  analyses  by 


Peligot 


Mean  of 


Water, 

Fat,  ...... 

Nitrogenous  matter  insoluble  in  water, 
Soluble  nitrogenous  matter — albumen. 
Soluble  non-nitrogenous  matter— dextrine, 
Stareli,  ...... 

Cellulose,  ..... 

Ash, 


Extreme.s, 


Analyses. 

Max. 

Jliii. 

14-() 

15-2 

13-2 

12 

l-{) 

1-9 

12  \S 

19-8 

8-1 

1-8 

2-4 

1-4 

7-2 

10-5 

5-4 

50-7 

t)()  ’7 

55-1 

1-7 

2-:i 

1-4 

1-G 

1-9 

1-4 

The  percentage  of  asli  from  the  whole  wheat  is  much  higher 
than  that  of  ordinary  flour,  the  bran  containing  much  ash. 
Tims,  100  parts  of  bran  contain — 


Water, 

Albumen,  coagulated, 
]'"at. 

Husk  and  a little  starch. 
Ash, 


b'M  per  cent. 


9 > 


5r>-() 


9 9 


) 9 


V 
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whilst  100  p;irts  of  flour,  according  to  Wanklyn,  contain- 


Water,  . 

Fat, 

Gluten,  &e., 
Starch,  &c.. 
Ash, 

The  nitrogenous 


1 C '5  per  cent. 
1-^  „ 

12-0  „ 

09  0 ,, 


matter  of  the  cereals  has  been  usually  deter- 
mined by  a combustion  and  subsequent  estimation  of  the  nitro- 
gen. Mr.  Church  has,  however,  shown  that  this  method  of 
i estimation  is  not  perfectly  reliable  as  a measure  of  the  flesh- 
'I  Termers  or  albuminous  matters,  properly  so  called.  In  a valuable 
recent  series  of  researches  on  this  point,  with  regard  to  wheat, 
barley,  and  oats,  Mr.  AVigner  has  shown  that  these  nitrogenous 
flesh-forming  constituents  have  been  over-estimated,  since  nitro- 
figen  combined  as  nitric  acid,  nitrous  acid,  and  alkaloids?  is 
present  in  larger  quantities  than  has  been  hitherto  supposed. 
V|  This  is  more  especially  true  as  regards  the  husk  and  bran,  very 
‘d  little  non-coagulable  nitrogenous  matter  being  contained  in  the 
1 1 flour,  properly  so  called.  These  analyses  were  carried  out  as 
’(!  follows  : — 

J:  50  grains  of  the  sample  were  ground  in  a warm  porcelain 

**j|  mortar  witli  enough  carbolic  acid  to  form  a paste.  Two  or  three 
drops  of  dilute  acid  were  added,  and  the  paste  then  diluted  with 
hot  carbolic  acid  and  allowed  to  cool,  Altered,  and  the  filtc]' 
washed  with  carbolic  acid  of  the  same  strength.  By  this  treat- 
ment all  the  true  albuminoids  were  coagulated  and  remained 
in  the  filter,  while  any  nitrogenous  matter,  either  as  nitrates, 
^ nitrites,  alkaloids,  or  gluten,  passed  through  the  filter.  The 
* residue  in  the  filter  was  washed  down  into  the  point  as  far 
as  possible,  and  the  filter  dried,  the  residue  detached,  and  the 
\ filter  itself  finely  shredded  with  scissors  and  ground  to  powder, 
and  then  burnt  in  a combustion-tube  in  the  usual  way. 

The  samples  were  collected  so  as  to  give  examples  of  every 
class  of  wheat,  barley,  and  oats,  and  ground  by  the  operator. 
Treated  in  this  manner,  Mr.  AVigner  found  that  17‘7  per  cent,  of 
the  total  nitrogen  in  wheat,  17'G  per  cent.  t>f  that  in  oats,  and 
14-7  per  cent,  in  that  of  barley,  as  an  average,  deduced  from  the 
examination  of  fifteen  samples  of  each,  was  present  iii  such  a fornu 
as  not  to  be  capable  of  coagulation  l)y  carbolic  acid.  The 
extremes  in  various  samples  differed  widely,  and  it  would 
appear  as  thougli  we  may  have  by  this  process  a method  of  dis- 
tinguishing the  true  nutritive  value  of  one  sample  of  grain  from 
another.* 

The  nitrogenous  constituents  of  flour  comprised  under  the 
* Sec  Anahjt^t,  July,  August,  1S7S. 
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name  of  rjliden,  are  composed  of  at  least  four  bodies — gluten-caseine, 
ylnten-Jibrin,  mucedin,  and  gliadin. 

Gluten  may  be  obtained  by  merely  kneading  the  flour  into  a 
paste,  and  then  washing  all  the  starch  out  of  the  paste  in  a thin 
stream  of  water.  As  thus  obtained  it  is  in  the  moist  state  a 
yellowish-grey,  very  elastic,  adhesive  mass ; and  when  dry,  some- 
what horny.  It  dissolves  for  the  most  part  in  alkaline  liquids 
and  in  acetic  acid.  From  the  gluten  the  four  bodies  mentioned 
may  be  separated  as  follows  : — 

1.  G Luten-caseine. — The  well-washed  gluten  is  digested  a fcAv 
days  with  potash  solution  (for  every  100  grins,  of  gluten 
about  3 to  4 grins.  KHO).  The  clear  solution  is  decanted 
from  the  insoluble  residue,  and  precipitated  by  acetic  acid 
in  the  least  excess.  The  precipitate  is  exhausted  successively 
with  GO  per  cent,  and  witli  80  per  cent,  alcohol,  then  with 
absolute  alcohol,  and  lastly  with  ether.  The  insoluble  por- 
tion now  consists  of  gluten-caseine,  which  may  be  purified  by 
solution  in  weak  potash  lye,  precipitated  by  acetic  acid,  washed 
with  water  and  alcohol,  and  dried  in  a vacuum.  It  forms  a 
whitish-grey,  voluminous,  earthy  mass,  solulile  in  dilute  alkaline 
solutions,  but  insoluble  in  water,  whether  hot  or  cold.  At  100°C. 
it  soon  changes  into  a modification  insoluble  in  alkaline  fluids. 
Its  solution  in  very  dilute  alkaline  fluids  becomes  turbid  on 
exposure  to  the  air,  and  is  precipitated  in  a fiocculent  condition 
by  the  heavy  metals. 

The  gluten-caseine  of  rye  seems  to  bo  similar  to  that  of  wheat 
YRitfJiausend\ 

2.  Gluten-fihrin. — The  substances  remaining  in  solution  from  1 . 
are  gluten-fibrin,  mucedin,  and  gliadin.  The  first  is  sepai'atcd 
by  distilling  the  united  alcoholic  extracts  to  one-half,  when  it 
separates  as  a brownish-yellow  mass.  It  may  be  purified  by 
repeatedly  dissolving  in  a little  GO  to  70  per  cent,  alcohol,  from 
which  it  separates  on  cooling.  This  property  is,  indeed,  char- 
actei'istic  of  gluten-fibrin.  It  forms  a tenacious  brownish-yellow 
mass,  becoming  horny  on  drying.  It  is  insoluble  in  cold  water ; 
boiling  water  partly  decomposes  and  changes  it  into  a modifica- 
tion insoluble  in  alcohol,  acetic  acid,  and  potash. 

3.  Mucedin. — The  alcoholic  extracts  from  2.  contain  mucedin 
and  gliadin,  and  are  united  and  evaporated  to  dryness.  The 
varnish-like  residue  is  treated  with  ether  to  remove  fat,  and  dis- 
solved in  warm  GO  to  70  per  cent,  alcohol,  allowed  to  cool,  and 
filtered  from  any  gluten-fibrin  still  remaining.  The  mucedin  is 
now  precipitated  in  a fiocculent  state  by  strong  alcohol,  and  by 
a repetition  several  times  of  this  ojieration  is  obtained  pure. 
When  fresli,  it  is  a whitish-yellow,  slimy  mass  ; when  dry,  a 


horny,  crumbling  mass.  It  dissolves  easily  in  GO  to  70  per  cent, 
alcohol,  but  is  precipitated  by  90  per  cent,  alcohol.  The  acetic- 
acid  solution  is  coloured  a beautiful  violet  on  the  addition  of 
sulphate  of  copper  and  potasb,  and  sliglitly  Avarming. 

The  mucedin  from  rye  is  similar  to  that  of  wheat  \Ritt~ 
hauseii^. 

4.  Gliadin. — Gliadin  is  obtained  by  evaporating  the  alcoholic 
solution  left  from  3.  It  then  remains  behind  as  a clear  yellow 
varnish,  which  is  so  tenacious  that  it  may  be  drawn  into  threads. 
By  treating  it  with  absolute  alcohol  and  ether,  it  is  changed  into 
a friable,  lustreless  mass.  It  is  easily  dissolved  by  40  to  80  per 
cent,  alcohol,  and  this  solution  is  made  milky  by  absolute  alcohol 
and  water,  turbid  by  ether.  By  boiling  it  is  changed  into  an 
insoluble  modification.  If  digested  with  cold  water  it  dissolves, 
and  the  solution  is  opalescent  and  frothy,  giving  a precipitate 
with  tannic  acid  and  soda.  Gliadin  dissolves  in  dilute  alkaline 
and  alcoholic  solutions  and  in  acetic  acid ; on  neutralisation,  or 
on  addition  of  salts  of  the  heavy  metals,  precipitates  are  formed. 

The  constituents  of  gluten,  based  upon  the  researches  of  Bitt- 
hausen,  have  been  given  at  some  length,  because  it  is  possible  that 
more  Avork  done  in  this  direction  may  be  usehil  in  the  practical 
analysis  of  flour. 

§ 5.  Analysis  of  Flour. — A careful  preliminary  microscopical 
examination,  combined  Avith  measurements  by  a micrometer,  &c., 
ought  to  discover  any  foreign  starches.  There  are,  lioAveA*er, 
certain  chemical  tests  Avhich  have  been  proposed  for  the  detec- 
tion of  potato  flour  and  of  bean  flour. 

M.  CheAmllier  has  recommended  eqvial  weights  of  flour  and 
sand  to  be  triturated  with  Avater  until  a homogeneous  paste  is 
formed,  Avhich  is  then  diluted  and  filtered  ; to  the  filti-ate  is 
added  a freshly-prepared  solution  of  iodine,  made  by  digesting 
for  about  ten  minutes  3 grins,  of  iodine  in  60  cc.  of  Avater,  and 
then  decanting.  If  the  flour  is  pure,  this  addition  Avill  give  a 
pink  colour,  gradually  disappearing;  whilst  if  potato  starch  should 
be  present,  the  colour  is  of  a dark  purple,  only  disappearing 
gradually ; by  comparing  the  reaction  Avith  flour  knoAvn  to  be 
pure,  this  difference  of  behaviour  is  readily  appreciated. 

M.  E,obin6  separates  the  gluten  as  much  as  jmssible  from  the 
starch,  allows  the  latter  to  deposit  in  a conical  glass,  Avhen,  since 
the  potato  starch  is  much  heavier  than  the  Avheat  starch,  the 
former  occupies  the  apex  of  the  cone.  The  Avater  is  removed  by 
siphoning  and  pipettes,  and  lastly  the  upper  layer  of  the  cone, 
consisting  of  gluten,  &c.,  is  taken  away  by  a teaspoon,  or  other 
suitable  instrument ; the  cone  is  received  on  a lump  of  dry 
plaster,  the  apex  cut  off  and  triturated  in  an  agate  mortar  (glass, 
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porcelain,  and  Wedgewood  mortars  do  not  answer),  and  tested 
with  iodine,  which  gives  a blue  colour  with  jiotato  starch,  but 
under  these  circumstances,  not  with  wheaten  starch,  because  the 
friction  has  not  been  sufficient  to  tear  the  envelopes  of  the  latter.''" 
This  test  of  M.  Ptobine  should,  however,  only  be  undertaken 
combined  Avith  microscopical  examination,  or  else  great  errors 
might  residt. 

M.  Podiguez  has  ascertained  that  when  pure  Hour  is  submitted 
to  dry  distillation  in  a stone  retort,  and  the  distillate  is  collected 
in  a vessel  containing  water,  the  latter  will  remain  perfectly 
neutral.  But  if  bean,  pulse,  or  peameal  has  been  added,  the  water 
will  have  an  alkaline  reaction.  This  test  appears  of  doubtful 
value,  for,  provided  the  distillate  is  alkaline,  the  alkalinity  may, 
it  is  evident,  have  arisen  from  a A’ariety  of  causes  besides  the 
addition  of  the  substances  mentioned.  It  has  also  been  shown  by 
Bussy  that  certain  cereals  yield  on  distillation  an  acid  product. 

Lassaigne  (taking  advantage  of  the  fact  that  haricot  beans,  as 
well  as  beans,  contain  a tannin  in  their  em'elopes)  adds  a salt  of 
iron,  which  with  pure  Hour  gives  a feeble  straAV  eolour,  but 
mixed  with  either  of  the  two  mentioned,  or,  of  course,  with  any 
substance  containing  tannin,  ghn^.s  various  shades,  from  orange- 
yellow  to  very  dark  green. 

The  mineral  adulterations  are  mainly  to  be  sought  for  in  the 
ash,  with  the  exception  of  alum,  which  may  Avith  greater  rapidity 
be  detected  in  the  cold  extract. 

Mr.  Carter  Bell  dh-ects  50  grins,  of  Hour  to  be  Aveighed  out  and 
mixed  by  the  aid  of  a glass  rod  Avith  50  cc.  of  distilled  Avater,  to 
this  is  added  5 cc.  of  recently  prepared  logAvood  solution,  alka- 
lised  by  5 cc.  of  solution  of  ammonium  carbonate.  If  ximoo 
of  alum  is  jiresent,  the  Hour  Avill  become  of  a lavender-blue 
colour  instead  of  pink.  An  approximate  estimate  of  the  quantity 
may  be  obtained  by  having  a standard  solution  of  pure  alum 
I grm,  to  the  litre,  and  adding  known  quantities  to  exactly 
similar  emulsions  of  pure  Hour,  and  testing  as  before  Avitli  log- 
Avood,  until  an  emulsion  is  obtained  of  very  .similar  hue  to  the 
Hour  originally  tested.  If  the  cold  extract  gives  a blue  tint  Avith 
the  logwood  tost,  or  if  the  Hour  be  submitted  to  dialysis,  and  the 
diffusate  responds,  alum  is  present  as  alum,  and  is  not  derived 
from  dirt,  clay,  or  from  the  millstones  thcmselves.j-  It  has 

* The  process  of  subsidence  itself  is  good,  and,  indeed,  essential  to  ensure 
the  detection  of  small  ])ercentagcs  of  potato  Hour  iu  Avheat  Hour,  for  it 
enables  the  inicroscopist  to  concentrate  the  substance  sought  for. 

t The  millstones  are  sometimes  mended  Avitli  an  alum  cement.  This  cir- 
cumstance will  of  course  from  time  to  time  bo  utilised  for  purposes  of 
defence. 
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been  proposed  to  trace  the  alum  by  estimation  of  the  sulphates 
in  the  cold  extract,  but  there  are  practical  difficulties  which 
cannot  be  fully  surmounted. 

Dr.  Dupre  has  suggested  shaldng  the  flour  up  with  chloroform, 
and  then  allowing  it  to  stand : the  flour  floats,  the  mineral 
impurities  subside  to  the  bottom,  and  are  removed.  The  author 
has  recently  made  some  experiments  in  this  direction,  and 
without  hesitation  recommends  it  as  the  best  known  process  to 
obtain  alum  as  alum.  Directly  water  is  added  to  alumed  flour, 
it  is  impossible  to  isolate  the  alum  again,  for  it  not  only  is 
decomposed  by  the  phosphate  of  potash,  but  also  forms  an 
insoluble  combination  with  the  gluten.  Hence  we  are  compelled 
to  treat  the  flour  with  some  liquid  in  which  alum  is  insoluble, 
and  of  a specific  gravity  sufficient  to  allow  of  the  separation  of 
the  alum  from  the  lighter  flour  by  subsidence.  Chloroform 
iinswers  this  purpose  admirably.  A long  cylinder,  closed  at  the 
bottom  with  a tap  of  not  too  fine  a bore,  is  taken,  and  a Aveighed 
tpiantity  of  the  flour,  from  a quarter  to  half  a ])ound,  is  placed  in 
it,  and  sufficient  methylated  chloroform  added  to  form  a thin 
sort  of  ]5aste  ; the  cylinder  is  closed  by  a stopper,  shaken  up 
once  or  twice,  and  allowed  to  stand  over  night.  The  next  morn-’ 
ing  the  lower  stratum  of  liquid  is  drawn  off  to  the  extent  of  from 
10  to  30  cc.  This  will  contain  sand  from  the  millstones,  sulphate 
of  lime,  alum,  or  any  other  mineral  powder  of  a greater  specific 
gravity  than  chloroform,  that  happened  to  be  in  tlie  flour ; this 
fluid  is  placed  in  a burette,  some  more  chloroform  is  added,  and 
the  matters  allowed  to  again  subside ; lastly,  the  poAvder,  with  a 
little  of  the  chloroform,  is  draAvn  off  into  a Avatcli-glass,  the 
chloroform  evaporated,  and  the  poAvder  digested  in  A\mrm  Avater, 
filtered  into  a clean  Avatch-glass,  and  allowed  to  evaporate  spon- 
taneoiTsly.  If  alum  Avere  present  crystals  Avill  be  obtained,  easily 
identified  by  their  form,  and  these  if  necessary  can  be  produced  in 
court  as  a corpus  delicti.^’"  The  chloroform  Avhidi  has  been  used 
may  be  in  a great  measure  recovered  by  simple  filtration,  then 
purified  by  distillation  in  the  usual  way.+ 

* The  estimation  of  the  total  alumina  in  flour  is  detailed  at  p.  33. 

t The  following  case  is  one  of  great  interest  and  importance  as  regards 
alum  in  flour: 

THE  SELBY  FLOUR  CASE. 

The  defendants  were  summoned  on  two  separate  informations  under  the 
Sale  of  Food  and  Drugs  Act,  1875,  for  having  sold  flour  mixed  with  alum, 
in  one  sample  equal  to  IS  grains  of  alum  to  4 pounds  Aveight  of  flour,  and  in 
another  sample  to  10  grains  of  alum  to  4 pounds  w'eight  of  floiu’.  A 
report  was  read  from  three  of  the  analysts  at  Somerset  House,  giving  the 
result  of  their  analyses  of  the  same  samples,  which  was  to  tlie  effect  that 
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§ G.  Proximate  Analysis  of  Flour. 

§ G,  The  constituents  of  flour  to  he  determined  are  — 


(1.)  AVater. 

(2.)  Fat. 

I Sugar,  Gum,  and  Dextrine. 
(3.)  Cold  Water  Extract.  Vegetable  Albumen. 

( Phosphate  of  Potash. 


(4.)  Gluten. 
Ash. 


(1.)  The  water  is  taken  in  the  ordinary  way;  that  is,  by 

tlie  sample  mai'ked  29  contained  alumina  etj^uivalent  to  9^”u  grains  of 
ammonia  alum,  and  the  sample  marked  30  contained  alumina  equivalent  to 
-fyV  grains  of  ammonia  alum  per  4 pounds  of  Hour.  Sample  29, 
according  to  their  experience,  contaiued  no  more  alum  than  Avas  found  in 
genuine  flour,  and  A\dth  regard  to  the  excess  of  alumina  in  number  30,  the 
results  of  their  experiments  did  not  enable  them  to  confirm  that  it  existed 
in  the  flour  in  the  form  of  alum. 

■ Superintendent  Gill  explained  that  he  had  sent  to  Somerset  House  par- 
ticulars of  Ml’.  Allen’s  analysis,  in  accordance  Avith  a request  froui  the 
analysts  there.  Since  the  last  hearing  he  had  also  sent  a letter  to  Somerset 
House,  to  Avhich  he  had  received  the  folloAAdng  reply  : — 

“ With  reference  to  the  preceding  letter,  A\m  ha\’e  to  state: — First,  We 
are  of  opinion  that  the  samples  did  not  contain  alum,  and  Ave  intended  this 
to  be  understood  by  the  tei’ins  of  our  certificate.  Second,  Both  samples 
Avere  very  limited  in  quantity,  that  marked  IS^o.  30  barely  Aveighincf  5 
ounces.  Although  Ave  Avere  enabled,  Avith  the  quantity  at  our  disposafl  to 
prove  by  duplicate  experiments  the  presence  of  an  excess  of  alumina  in  Fo. 
30,  and  to  satisfy  ourselves  of  the  absence  of  alum  in  both  samples,  it  Avould 
have  been  more  satisfactory  to  us  to  have  liad  a larger  quantity,  that  Aim 
might  have  been  able  to  determine  and  state  in  our  certificate  in  Avhat 
form  the  excess  of  alumina  existed  in  Xo.  30  flour. — (Signed)  J.  Bell,  11. 
Bannlster,  and  H.  J.  Helm.” 

In  the  cross-examination  of  Mr.  Allen,  the  analyst,  he  stated  that  he  first 
tested  the  bread  he  had  made  from  the  sample  of  flour  sent  to  him  by  the 
logAvood  test,  Avhich  told  him  that  there  Avas  something  Avrong  Avith  the 
flour.  Having  found  this,  he  then  ascertained  the  amount  of  alumina  it 
contained  by  a process  he  had  already  described. 

Mr.  Cadman— To  put  it  shortly,  you  found  something  Avrong  by  one  test; 
by  another  test  you  found  Avhat  you  call  an  excess  of  alumina,  and  then  you 
put  the  tAVO  together  and  calculated  alum.  Is  that  so? — Yes. 

jNIr.  Cadman— Bid  you  by  any  process  you  used  find  one  speck  or  tittle  of 
alum  as  alum?— Xo,  nor  anybody  else.  Xobody  ever  found  alum  in  bread  as 
such. 

Mr.  HemsAVorth— The  analysts  at  Somerset  House  agree  as  to  the  alumina, 
but  tliey  don’t  say  in  Avhat  form  it  is.  We  Avant  to  knoAV  their  opinion  as 
to  Avhat  that  excess  is.  There  is  a property  in  the  flour  Avhich  ought  not  to 
be  in  it. 

Mr.  Cadman— That  excess  of  alumina  might  arise  from  the  process  of 


WHEATEN  ELOUE. 


3i 


G-] 


veigliing  carefully  about  1 to  3 


grms. 


in  a tared  disli,  and 


xposing  it  to  the  heat  of  the  water-bath  until  it  ceases  to  lose 
veight. 

(2.)  The  fat,  according  to  the  researches  of  Peligot,  must  be 
etermined  in  the  'perfectly  dry  flour,  error  resulting  in  any  other 
ase. 

(3.)  The  cold  extract  is  obtained  by  digesting  10  grms.  of  flour  in 
»00  cc.  of  water,  and  filtering  and  evaporating  down  250  cc.  in 
platinum  dish.  According  to  Wanklyn,  100  grms.  of  flour 
ield  to  water — 

Grms. 

3-33 
0-92 


Sugar,  gum,  aud  dextrine, 
Vegetable  albumen, 


Phosphate  of  potash, 


0-44 


4-69 


On  igniting  the  extract  the  ash  should  consist  entirely  of 


nanufacture,  and  that  being  so,  under  the  words  of  the  section  the  defend- 
! ints  cannot  be  convicted.  They  had  heard  that  Egyptian  wheat  was  very 
lirty.  Well,  the  defendants  had  special  machinery  for  scrubbing  and 
vashing  the  wheat.  They  brushed  it  to  take  off  every  bit  of  clay,  but  if 
iny  specks  remained  it  might  be  sufficient  to  account  for  the  presence  of 
ilumina. 

Mr.  Kichard  Bannister,  one  of  the  analysts  at  Somerset  House,  was  then 
:aUed  by  Mr.  Cadman,  at  the  request  of  the  Bench.  His  evidence  was  to 
: he 'effect  that  the  result  of  his  and  his  colleagues’  analyses  of  the  flour  was 
he  same  as  Mr.  Allen’s,  but  they  came  to  different  conclusions  as  to  the 
'xcess  of  alumina.  Mr.  Allen  said  it  existed  in  the  form  of  alum,  but  they 
I bund  that  it  was  not  alum. 

Mr.  Hemsworth — Then  what  is  it? — I am  sorry  I cannot  tell  you. 

But  there  is  something  in  the  flour  that  ought  not  to  be  ? — There  is  more 
dumina,  but  it  may  come  from  clay  or  ebrt,  or  something  else,  we  are  unable 
;o  say  what. 

Mr.  Allen,  in  answer  to  the  Bench,  said  he  still  maintained  his  belief  that 

!.  :here  was  alum  present  in  the  flour.  At  the  same  time  Mr.  Bannister  was 
[uite  justified  in  what  he  had  said,  because  he  had  failed  to  get  the  precise 
result  which  he  (Mr.  Allen)  got.  He  had  the  authority  of  Dr.  Hassall 
< ;hat  the  logwood  tests  sometimes  failed. 

I Mr.  Bannister  said  that  at  the  time  they  tested  the  samples  sent  to 
I them,  they  also  tested  twenty  other  samples  of  what  they  knew  to  be  pure 
1 Hour,  and  the  result  in  all  the  cases  was  the  same.  They  then  added 
( dum  to  some  samples,  and  the  test  showed  when  the  alum  was  present  ; 

io  that  he  thought  they  were  justified  in  concluding  that  the  test  was  a 
i .^ood  one. 

After  this  evidence,  the  magistrates  retired  and  consulted,  and  on  their 
: returning  into  court,  Mr.  Hemsworth  said  that  they  had  thought  the  rnatter 
I over,  and  found  the  evidence  so  conflicting  that  they  had  decided  to  dismiss 
the  information. 

Mr.  Cadman  said  that  had  the  Bench  not  thought  it  right  to  dismiss  the 
charge  at  that  point,  he  would  have  called  witnesses  to  prove  that  it  was 
impossible  for  a miller  to  put  alum  into  the  flour. 
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phosphate  of  potash.  When  the  weight  of  the  asli  is  known,  it 
may  he  dissolved  in  water,  and  the  quantity  of  phosphoric 
acid  estimated  by  titration  with  uranium  solution,  and  if 
from  this  there  is  any  discrepancy  between  the  calculated 
])hosphate  of  potash  and  that  found,  the  ash  should  be  carefully 
examined. 

The  determination  of  the  sugar  and  dextrine  may  be  made  by 
the  processes  described  at  p.  8j  but  it  is  usually  sufficient  to 
obtain  merely  the  weight  of  the  cold  extract  and  the  weight  of 
its  ash. 

(4.)  Tlie  gluten  or  albuminoids  can  only  be  appi-oximately  deter- 
mined by  the  washing  process,  but  more  accurately  estimated  by 
a combustion  with  cupric  oxide  and  careful  measurement  of  the 
nitrogen.  The  pei’centage  of  nitrogen  found,  multiplied  by  6’33,* 
c'cjaals  the  amount  of  albuminoids.  The  most  rapid  process  of 
all,  however,  and  one  of  very  fair  accuracy,  is  that  proposed  by 
31r.  Wanklyn, — viz.,  distillation  with  alkaline  permanganate. 
20  mgrms.  of  flour  arc  distilled  with  a strongl}'-  alkaline  solution 
of  potassic  permanganate,  such  as  is  iised  in  water  analysis,  and 
the  ammonia  either  titrated  or  estimated  by  the  colorimetric 
])i’Ocess  known  as  Nesslerising,  10  parts  of  ammonia  equalling  100 
of  gluten. 

(5.)  The  ash  is  Inmit  in  the  ustial  way,  as  described  at  p.  4.  In 
the  ash  is  detected  any  mineral  adulteration  such  as  clialk, 
magnesia,  alum  (see  p.  33),  (fee. : it  should  be  below  1 per  cent., 
•and  if  it  even  attains  1 per  cent.,  mineral  adulteration  is  probably 
])resent.t 


] I.— BbEAD. 

§ 7.  Adulterations  of  Bread. — The  adulterations  of  bread  enu- 
merated by  writers  are  sufficiently  numerous,  but  those  actually 
proved  to  exist  are  but  few.  Among  organic  additions  rice  flour, 
potatoes,  bean  flour,  and  pea  flour,  are  usually  given ; among 
mineral,  alum,  bora.x,  siilphate  of  copper,  sulphate  of  zinc,  chalk, 
and  carbonate  of  magnesia. 

In  1843  and  1847,  some  bakers  in  Belgium  were  convicted 
•of  adding  sul]fliate  of  copper  to  their  bread,  and  this  fraud 
has  been  repeated  recently  by  a baker  of  Calais.  There  is, 

* As  already  cx'plaiiied,  there  is  no  great  error  in  the  case  of  flour  in  operat- 
ng  in  this  way. 

•f  With  regard  to  the  adulteration  of  Ergot  in  flour,  sec  the  section  on  that 
subject  in  the  second  i)ortion  of  this  work. 
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liowever,  but  little  evidence  to  show  that  English  bakers,  as  a 
common  practice,  add  anything  in  the  way  of  adulteration  save 
alum ; at  all  events,  no  convictions  for  any  other  adulteration 
are  known. 

It  is  an  extremely  difficult  thing  to  detect  small  percentages  of 
rice  flour,  potato  flour,  bean  flour,  &c.,  when  in  the  form  of  bread. 
The  only  feasible  course  appears  to  be,  to  make  bread  of  flour 
adulterated  with  different  quantities  of  these  substances,  and 
then  to  compare  the  microscopical  appearances  of  sections  of 
these  with  pure  bread. 

§ 8.  Alum  in  Bread. — Alum  is  added  to  bad  or  slightly  damaged 
flour  by  both  the  miller  and  the  baker.  Its  action,  according  to 
Liebig,  is  to  render  insoluble  gluten  which  has  been  made 
soluble  by  acetic  or  lactic  acids  developed  in  damp  flour,  and  it 
hence  stops  the  undue  conversion  of  starch  into  dextrine  or 
sugar. 

The  influence  of  alum  on  health,  in  the  small  quantities  in 
which  it  is  usaally  added  to  bread,  is  very  problematical,  and 
rests  upon  theory  more  than  observation ; as  a fact,  directly 
water  is  put  to  the  dough,  the  alum  (unless,  indeed,  it  has  been 
added  in  excessive  quantities)  is  broken  up  and  ceases  to  exist 
as  alum.  But  notwithstanding  the  obscurity  as  to  its  action 
on  the  economy,  there  can  be  no  difference  of  opinion  that  it  is 
a serious  adulteration,  and  not  to  be  permitted. 

In  searching  for  alum,  the  crust  and  the  crumb  should  be 
analysed  separately,  for  many  bakers  use  for  the  latter  a flour 
technically  called  “cones,”  which  is  strongly  alumed,  and  prepared 
from  a fine  species  of  wheat  grown  in  the  south  of  Europe,  mixed 
with  rice.  This  mixture  is  used  for  dusting  the  kneading  trough 
and  kneading  boards;  in  point  of  fact,  for  facing"  the  sponge 
previous  to  baking  it.  To  search  for  alum  in  the  crust,  there  is  no 
other  method  save  burning  to  an  ash,  as  described  at  p.  4 ; but 
with  regard  to  the  crumb  of  bread,  the  qualitative  test  is  the  same 
as  for  flour,  viz.,  an  ammoniacal  tincture  of  logwood  (p.  28).  The 
crumb  of  pure  bread,  when  soaked  in  the  tincture  for  a few 
minutes  and  then  squeezed,  exhibits  a pink  colour,  the  crumb  of 
alumed  bread  a blue  colour.  This  blue  colour  is  not  absolutely 
decisive  of  alum,  for  bread  adulterated  with  magnesia  carbonate 
exhibits  the  same  reaction,  but  if  such  a colour  is  produced,  the 
bread  requires  further  examination.  The  quantitative  method 
for  estimation  of  the  total  alumina  in  bread,  as  originally  pro- 
posed by  Dupre,  and  slightly  modified  by  AVanklyn,  is  as  follows: 
— 100  grms.  of  bread  are  incinerated  in  a platinum  dish,  until 
the  ash  does  not  exceed  2 grms.  in  weight.  The  ash  is  then 
moistened  with  3 cc.  of  pure  strong  hydrochloric  acid,  and  20  to  30 
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cc.  of  distilled  water  added;  the  whole  is  boiled,  filtered,  and  the 
precipitate  (consisting  of  unburnt  carbon  and  silica)  well  washed, 
dried,  burnt,  and  weighed.  To  the  filtrate  containing  the  phos- 
phates, 5 cc.  of  strong  solution  of  ammonia  are  added.  If  the 
bread  has  been  alumed,  the  phosphates  now  precipitated  are 
those  of  lime,  magnesia,  iron,  and  alumina,  of  which  the  latter 
(viz.,  phosphate  of  iron  and  alumina)  are  insoluble  in  acetic  acid, 
so  that  their  separation  is  easy.  The  liquid  is  strongly  acidified 
with  acetic  acid,  boiled  and  filtered,  and  the  phosphates  of 
alumina  and  iron  Avashed  and  weighed.  Unless  the  liquid  has 
been  acidified  sufficiently,  phosphate  of  lime  contaminates  the 
precipitate  and  Autiates  the  results,  so  that  this  is  an  essential 
point.  The  last  step  is  resolution  of  the  precipitate  in  acid,  and 
the  estimation  of  the  iron ; this  is  usually  best  effected  by  a 
colorimetric  process.  A standard  solution  of  metallic  iron  is 
made  by  dissolving  a gramme  of  fine  iron  Avire  in  nitro-hydro- 
chloric  acid,  precipitating  Avith  ammonia,  Avashing  the  peroxide 
of  iron,  and  dissolving  it  in  a little  hydrochloric  acid,  and  dilut- 
ing accurately  to  one  litre  [1  cc.  = 1 mgrm.  of  metallic  iron]. 

On  now  adding  to  an  unknoAvn  veiy  dilute  solution  of  iron  a 
known  quantity  of  strong  ammon.  sulphide,  a certain  colour  is 
produced,  and  this  colour  is  exactly  imitated  in  the  usual  Away  by 
a similar  quantity  of  ammon.  sulphide  and  the  standard  solution, 
the  whole  operation  being  conducted  on  the  Avell-knoAvn  principles 
of  colorimetric  estimation.  The  amount  of  iron  in  the  precipitate 
being  knoAvn,  it  is  calculated  into  phosphate,  and  the  phosphate 
of  iron  subtracted  from  the  total  Aveight  of  the  precipitate  gives 
the  Aveight  of  the  phosphate  of  alumina.  Unalumed  bread  j 
appears  to  contain  about  -005  per  cent,  of  phosphate  of  alumina,  j 
Alo03POg,  or  if  expressed  as  the  amount  of  alum  in  grains  on  1 
the  41b.  loaf,  equUalent  to  6 grains.  As  a fact,  hoAAmA^er,  most  | 
analysts  alloAv  a little  more  than  this — viz.,  8 grains  on  the  41b.  i 
loaf,  as  possible  from  accidental  impurities.  From  Mr.  Wanklyn’s 
experiments  it  would  seem  that  in  the  case  of  bread  ash,  it  is 
unnecessary  to  evaporate  the  hydrochloric  solution  to  dryness,  as 
is  usually  done,  and  that  the  separation  of  silica  is  complete  by 
the  method  just  detailed. 

Another  perfectly  valid  Avay  of  estimating  alumina  in  bread  or 
flour,  consists  in  a modification  of  the  old  Normandy  process. 
The  bread  is  burnt  up  as  before,  the  ash  poAvdered  and  treated 
Avith  hydric  chloride,  diluted  Avith  Avater,  boiled,  and  filtered. 
The  filtered  solution  is  again  boiled,  and  Avhilst  boiling  poured 
into  a very  strong  solution  of  sodic  hydrate,  the  Avhole  boiled, 
filtered,  and  Avashed.  To  the  filtrate  is  added  a feAv  drops  of  j 
disodic  phosphate,  it  is  then  slightly  acidified  Avith  hydric  chloride,  ^ 
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and  subsequently  rendered  just  alkaline  by  ammonia.  The  pre- 
cipitate is  collected,  washed,  and  weighed  as  alumina  phosphate. 

The  following  table  will  be  of  use  in  the  conversion  of  phos- 
phate of  alumina  into  alum  ; — 


Phosphate  of  Alumina, 

Ammonia  Alum, 

Potash  Alum, 

Ala  Os  POo 

NH4  AI2SO4  I2H2  0 

KAI2SO4 12H2  0 

Parts. 

Parts. 

Parts. 

1 

— 

3-733 

4-481 

2 

7-466 

8-962 

3 

11-199 

14-443 

4 

14-932 

17-924 

5 

= 

18-605 

22-405 

6 

:rz 

22-398 

26-886 

7 

= 

26-131 

3J  -367 

8 

= 

29-864 

,35-848 

9 

33-597 

40-329 

10 

=: 

37 -.336 

44-813 

Other  mineral  adulterants  are  not  likely  to  be  found  in  the  ash  of 
bread.  The  ash  of  bread  varies  from  1-3  to  2 per  cent.  If  any 
Aveight  beyond  this  be  found  in  a properly  burnt  bread  ash,  it 
should  be  examined  with  great  care,  more  especially  for  magnesia 
and  soda  salts. 
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MILK  — BUTTER  — CHEESE. 


1.— MILK. 


§ 9.  Constituents  of  Milk. 


§ 9.  Any  other  milk  than  that  derived  from  the  cow  can  scarcely 
he  said  to  exist  in  English  commerce,  so  that  cows’  milk  alone 
will  be  treated  of  in  this  work.  The  constituents  of  cows’  milk 
are — 


The  fat  of  milk  is  practically  the  same  as  butter  fat,  a descrip- 
tion of  which  is  given  at  p.  67. 

The  albuminoids  comprise  at  least  three,  if  not  four,  nitrogenous 
bodies,  all  of  which  are  collectively  in  analysis  termed  caseine. 
As,  however,  only  one  of  the  four  bodies  is  true  caseine,  this  is  a 
term  of  doubtful  projiriety ; but  it  has  been  so  long  used,  that  it 
can  liardlv  be  changed  without  inconvenience.  The  other  mem- 
bers  are  albumen,  nuclein,  and  lacto-iwotein. 

Caseine  is  almost  peculiar  to  milk ; its  presence  has,  it  is  true, 
been  asserted  in  the  fluids  of  cysts,  hi  serum,  and  in  muscle,  but 
it  has  jirobably  been  confused  with  globuline.  There  is,  however, 
a substance  in  the  nerve  tissue  which  is  without  doubt  allied  to 
caseine.  Precipitants  of  caseine  are  numerous — lead-acetate, 
cupric-sulphate,  alum,  mercuric-chloride,  tannic  acid,  rennet, 
sulphate  of  magnesia,  and  mineral  acids,  if  not  too  dilute. 

The  methods  in  use  for  the  separation  of  caseine  are — preci- 


Water. 

Fat. 


Caseine, 
Albumen,  . 
Xuclein, 
Lacto-protein, 
Milk  Susiar. 

O 


Potash, 
!Soda,  . 
Lime,  . 


■ } Ash. 


Magnesia,  . 


Phosphoric  Acid  and  Chlorine,  in  | 
combination  with  the  above,  J 
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pitatioii  by  sulphate  of  magnesia,  a process  not  conveniently 
applicable  to  cows’  milk,  or  precipitation  by  an  acid. 

To  perform  the  latter  with  success,  it  is  absolutely  necessary 
to  dilute  the  milk  with  a large  volume  of  water,  then  hydro- 
chloric acid  is  added  drop  by  drop,  until  a good  distinct  flocculent 
precipitate  is  formed.  The  liquid  is  filtered,  and  the  coagulum 
washed  successively  with  cold  water,  alcohol,  and  ether.  As 
thus  obtained,  moist  caseine  presents  itself  as  a white,  brittle, 
transparent  substance,  insoluble  in  water,  easily  soluble  in  veiy 
dilute  hydrochloric  acid,  as  well  as  in  very  dilute  soda  solution. 
It  apparently  is  not  otherwise  acted  on  by  such  liquids;  but  in 
concentrated  alkaline  solutions  it  is  changed — at  common  tem- 
peratures slowly,  at  higher  quickly — with  formation  of  sulphide 
of  the  alkali,  but  without  any  marked  difference  in  the  action  of 
the  caseine  towards  acids  and  alkalies.  Whilst  pure  caseine  is 
insoluble  in  solution  of  salt  and  in  water ; it  is  in  the  presence  of 
phosphate  of  soda  (as,  for  example,  in  the  milk  itself)  not  preci- 
pitated by  simple  neutralisation,  but  must  first  be  strongly 
acidified.  Cold  alcohol  precipitates  caseine  completely  from  a 
solution  which  is  slightly  alkalised,  but  also  dissolves  some  of 
the  precipitated  caseine. 

Caseine  not  being  so  easily  soluble  in  dilute  acetic  as  it  is  in 
dilute  hydrochloric  acid,  a solution  in  tlie  latter  solvent  (if  not 
too  acid)  is  precipitated  by  acetate  of  soda.  Solutions  in  either 
of  the  acids  mentioned  give  a precipitate  with  potassic  platinic 
cyanide.  When  moist  caseine  is  dissolved  in  hydrochloric  acid, 
it  gives  a solution  which  becomes  of  a violet  colour.  Boiled  with 
caustic  potash,  caseine  evolves  ammonia,  and  its  putrefactive 
products  are  similar  to  those  of  fibrin. 

Caseine  in  combination  with  sulphate  of  magnesia  freed  from 
fat,  and  in  aqueous  solution,  tunis  a ray  of  polarised  light  - 80°, 
in  weak  alkaline  solution  - 70°,  in  very  dilute  alkaline  solution 
- 87°,  in  strong  alkaline  solution  - 91°.  It  has  been  supposed 
that  caseine  is  held  in  solution  by  phospliate  of  lime,  but  this 
(according  to  A.  Schmidt)  is  erroneous ; for  by  rapidly  removing 
by  diffusion  all  soluble  salts,  a caseine  precipitate  can  be  obtained 
by  the  addition  of  an  acid. 

Serum  albumen  is  found  in  milk,  especially  in  the  beginning 
of  lactation.  Its  average  amount  in  cows’  milk,  according  to 
M.  Nenzcki,  is  3T4  per  cent.;  according  to  J.  Kuls,  it  is  fi’om 
3-40  to  3-43  per  cent. 

The  albumen  may  be  precipitated  by  neutralising  with  acetic 
acid,  warming  the  mixture,  and  then  adding  alcohol  to  the 
extent  of  about  70  per  cent,  of  the  whole  fluid.  The  more  usual 
way  of  separating  the  albumen,  however,  is  to  dilute  the  milk 
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to  twenty  times  its  volume,  and  to  drop  from  a burette  very 
dilute  acetic  acid,  until  a slight  precipitate  begins  to  appear,  then 
CO2  is  ]iassed  through  the  liquid,  and  the  diluted  milk  allowed 
to  stand  for  some  hours.  The  caseine,  mixed  with  fat,  settles  to 
the  bottom,  and  can  be  easily  separated  by  filtration.  The  clear 
filtrate  is  now  boiled,  and  the  albumen  precipitated. 

Pure  precipitated  serum  albumen,*  when  carefully  dried  at 
a low  temperature  or  in  vacuo,  is  a yellowish,  brittle,  glassy- 
transparent,  and  somewhat  hygroscopic  substance.  If  fully  dry, 
it  may  be  heated  to  100°C.  without  decomposition.  In  water  it 
gives  a clear,  glutinous  solution ; it  turns  a ray  of  polarised  yellow 
light  to  the  left  - 56°.  If  salts  are  present,  it  is  precipitated  by 
alcohol ; but  carbonic,  acetic,  tartaric,  and  phosphoric  acids  do  not 
precipitate  albumen.  A small  quantity  of  a dilute  mineral  acid 
gives  no  opalescence;  with  a larger  quantity  of  concentrated 
mineral  acid,  the  solution  becomes  troubled,  and  the  deviation 
of  a ray  of  polarised  light  increased;  and  through  a still  larger 
quantity  of  acid,  it  is  precipitated  as  acid  albumen.  Pure  con- 
centrated hydrochloric  acid,  added  in  excess,  gives  first  a floccu- 
lent  precipitate,  which  again  dissolves  into  a clear  fluid,  and  in 
such  a solution  the  rotation  of  a ray  of  polarised  light  equals 
- 78'7°.  By  the  addition  of  water  to  this  solution,  a flocculent 
precipitate  is  formed,  which  after  filtration  and  pressing  dissolves 
in  water,  and  shows  all  the  properties  of  hydrochlorate  of  acid 
albumen ; in  the  acid  solution  a peptone-like  body  remains  unpre- 
cipitated. Potash  or  soda-lye  changes,  in  like  manner,  serum 
albumen  into  alkali  albuminate. 

On  heating  a solution  of  albumen  in  fluids  containing  salts  to 
a little  under  80® C.,  it  coagulates  or  is  precipitated.  The  exact 
temperature  at  which  this  takes  place  is  influenced  by  the  salts 
present.  Common  salt  and  other  neutral  salts  of  the  alkalies 
lower,  carbonates  of  the  alkalies  raise,  the  coagulation  tempera- 
ture. By  most  salts  of  the  heavy  metals  albumen  is  precipitated, 
and  at  the  same  time  changed. 

Nuclein,  Co()Il49Nj)P5022,  was  fii’st  discovered  by  Miescherf  in 
pus  and  in  tlie  yolk  of  eggs;  but  Lubavinj.  was  the  first  who 
obtained  it  from  cows’  milk.  Besides  these  sources  of  nuclein, 
Verf§  has  found  it  in  beer-yeast  ;||  Plosz  in  the  nuclei  of  the  red 
blood-corpuscles  of  birds  and  amphibia,  and  in  the  liver  cells ; 

* It  is  almost  unnecessary  to  say  that  the  method  given  does  not  precipi- 
tate albumen  in  a pure  state  ; pure  serum  albumen  can  only  be  obtained  by 
dialysing  a solution  of  precipitated  albumen. 

f d/eS.  Chem.  Uniersuchungen  herausgcz.  v.  Hoj>pe  Seyler.  Heft  4,  1872, 
s.  441  und  s.  502. 

Z lb;  s.  486.  § lb.,  s.  461.  11  lb.,  s.  463. 
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and  lastly,  Miesclier  and  Sertoli*  in  the  spermatic  fluid  of 
various  animals. 

Freshly  iirecipitated  nuclein  is  colourless,  amorphous,  easily 
soh;hle  in  ammonia,  soda  solution,  and  phosphate  of  soda,  and 
somewhat  soluble  in  water.  Strong  nitric  acid  imparts  no  colour 
to  nuclein  when  cold,  but  on  warming  it  becomes  a pale  yellow, 
and  if  the  solution  be  saturated  by  ammonia,  a deep  brown 
yellow.  Iodine  coloui’s  it  slowly  and  weakly  yellow,  and  the 
tint  is  tolerably  permanent.  When  lead  oxalate  is  added  to  a 
solution  of  nuclein  in  sodium  acetate,  the  lead  salt  of  nuclein  is 
obtained  as  a granular  precipitate. f The  relation  of  lead  to 
phosphorus  in  the  precipitate  is  as  Pbg  to  Pg. 

The  reaction  which  especially  separates  nuclein  from  other 
albuminoids  is  the  production  of  no  red  colciu',  either  by 
Millon’s  reagent,  or  by  a copper  salt  added  to  a solution  of 
nuclein  alkalised  by  soda-lye.  Sulphate  of  copper  precipitates 
dilute  solutions  of  nuclein,  and  the  copper  compound  is  insoluble 
in  water.  Nitrate  of  silver,  as  well  as  chloride  of  zinc,  are  also 
precipitants,  but  the  solution  must  not  be  too  dilute. 

Nuclein  is  remarkable  for  its  high  percentage  of  phosphorus, 
the  formula  given  above  corresponds  to  9-61  per  cent.  Aliesche? 
found  9 -59  per  cent. 

Lacto-jwotein. — There  is  also  present  in  milk  a small  quantity 
of  an  albuminoid  called  lacto-protein,  which  nia}^  be  separated 
from  albumen  and  caseine  by  adding  a solution  of  carbolic  acid, 
and  then  warming. 

There  are  other  methods  of  separating  the  albuminoids,  e.g., 
Selmi,  fearing  that  acid  or  alkaline  reagents  alter  the  albuminoid 
constituents  of  milk,  exposes  the  fluid  to  cold.  This  has  the 
effect  of  precipitating  a gelatinous  caseine,  which  may  be  removed 
by  simple  filtration;  the  filtrate,  on  the  addition  of  one-fifth  of  its 
volume  of  absolute  alcohol,  deposits  a second  albuminous  body, 
and  a third  is  thrown  down  on  adding  its  own  volume  of  absolute 
alcohol. 

The  estimation  of  the  relative  quantity  of  the  different  nitro- 
genous substances,  though  of  minor  importance  in  the  general 
examination  of  milk,  becomes  of  great  interest  in  the  question  of 
whether  a given  milk  is  derived  from  a healthy  cow,  or  not. 
'Jdiis  estimation  is  most  conveniently  carried  out  by  Air.  Wank- 
lyn’s  ammonia  process : — 5 cc.  of  milk  are  diluted  with  jnire  water, 
so  as  to  measure  half  a litre,  5 cc.  of  this  fluid  (equalling  -01  cc. 
of  milk)  are  placed  in  a flask  and  boiled  with  a strongly  alkaline 

* Verhandl.  d.  Naturforscli.  Gesellschaft  in  Basel.  1874,  vi.  ],  Heft.  s.  138 
Cazetta  Med.  Veterinar.  Alilaiio,  187i!.  ’ 

t Liibavin.  Bull.  Soc.  Chim.  [2J,  xxxi.  21.3. 
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solution  of  permanganate  of  potash,  and  the  ammonia  in  the 
resulting  distillate  Nesslerised  and  estimated  in  the  usual  way. 
From  another  measured  or  weighed  quantity  the  caseine  is  pre- 
cipitated and  filtered  off,  but  in  other  respects  dealt  similarly 
with,  the  difference  between  the  two  estimations  giving  the 
albumen.  No  practical  purpose  is  served  in  pursuing  the  research 
further,  unless  a complete  scientific  analysis  is  requii’ed,  in  which 
case  the  same  principles  may  be  applied. 

§ 10.  Milk  Sugar,  C^gHgoOnFIgO,  has  been  hitherto  found  only 
in  human  milk,  in  the  mifk  of  plant-eating  animals,  and  in  the 
milk  of  the  bitch,  and  it  is  the  only  sugar  that  has  been  recog- 
nised in  these  secretions.  It  forms  colourless,  hard,  glittering, 
and  often  tolerably  large  crystals  belonging  to  the  rhombic 
system.  The  specific  gravity  of  milk  sugar  is  1*53,  its  solution 
turns  a ray  of  polarised  light  to  the  right  = + 58-2°.  It  is 
soluble  in  6 parts  of  cold  and  parts  of  boiling  water,  but 
insoluble  in  absolute  alcohol  or  ether.  Its  watery  solution  has  a 
weak,  sweet  taste,  and  a neutral  reaction.  Heated  to  100°C.,  it 
gives  a brown-coloured  solution ; if  heated  carefully  to  150°C., 
it  loses  an  atom  of  water  without  further  decomposition.  Like 
grape  sugar,  milk  sugar  is  more  easily  decomposed  by  alkaline 
than  by  acid  solutions.  The  former,  even  at  common  tempei’a- 
tures,  gi’adually  becomes  brown. 

Milk  sugar  combines  readily  with  bases.  If  hydrated  copper 
oxide  be  dissolved  in  a sohxtion  of  milk  sugar  to  saturation,  and 
the  saturated  liquid  evaporated  to  dryness  in  Amcuo,  over  sul- 
phuric acid,  deep  blue  crystals  are  obtained  of  the  same  form  as 
those  of  milk  sugar  itself;  they,  however,  quickly  decompose 
with  separation  of  copper  oxide.  The  alcoholic  fermentation 
Avith  yeast  of  solutions  of  milk  sugar  is  but  imperfect;  but  on 
the  other  hand,  lactic  fermentation,  either  by  addijig  to  the 
solution  a little  coaa^s’  milk,  or  cheese  and  chalk,  can  be  easily 
induced,  at  a temperature  not  beyond  that  of  the  blood  ; the 
lactic  fermentation  is  ahvays  accompanied  by  the  formation  of  a 
little  alcohol  and  carbonic  anhydride. 

By  acetate  of  lead  and  ammonia,  milk,  as  Avell  as  grape  sugar, 
is  fully  precijxitated  from  its  Avatery  solution,  Avhilst  boiling  Avith 
neutral  acetate  of  lead  neither  precipitates  nor  changes  it. 
Milk  sugar  reduces  oxides  of  copper,  bismuth,  and  silver, 
together  Avith  indigo,  as  easily  as  grape  sugar.  It,  hoAvever, 
reduces  an  alkaline  copper  solution*  in  a different  proportion 

* The  standard  solution  is  34 ’04  grms.  sulphate  of  copper  dissolved  in  200 
cc.  of  water,  and  to  this  solution  is  added  a solution  of  173  grms.  of  double 
tartrate  of  potash  and  soda  in  480  cc.  of  solution  of  soda ; specific  gravity 
1 '140 ; the  whole  made  up  to  1 litre.  (See  p.  7. ) 
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from  grape  sugar.  100  parts  of  milk  sugar  = 147 '70  CuO 
{Muter).  (See  p.  7.)  If  milk  sugar  be  warmed  with  dilute 
nitiuc  acid,  mucic  acid,  tartaric  acid,  and  acetic  acid  are  among 
the  products ; if  the  decomposition  he  carried  further,  oxalic  acid 
is  also  produced. 

§ 11.  Ash  of  Alilk. — If  a considei’ahle  quantity  of  cows’  milk  he 
taken,  evaporated  down,  very  gently  chai'red,  and  then  exti’acted 
with  boiling  water,  the  filtrate  evaporated  to  dryness,  and  ignited 
with  great  care  for  the  soluble  salts,  and  the  charred  mass  (now- 
freed  from  volatile  chlorides)  ignited  to  a perfect  ash,  the  follow- 
ing will  he  its  average  composition 


K20  . 



Per  cent. 
f8-82 

XtloO 

11-58 

CaO  . 

22-97 

Pe203 

=. 

-06 

P2C5  • 

= 

27-03 

Cl  . 

16-23 

MgO  . 

0 

3-31 

The  ash  from  100  grms.  of  genuine  milk  will  approximate  to 
the  following  composition  : — 


KsO  . 
NuqO 
CaO  . 
Fe203 
P2O5. 
Cl  . 
MgO  . 


Per  cent. 
•1228 
•0868 
•1608 
•0005 
•1922 
•1146 
•0-243 


•7020 

About  one-third  of  the  chlorine,  in  the  ordinary  method  ofl 
burning  a milk  residue,  volatilises,  so  that  the  amount  found  by  1 
analysts  is  generally  from  -06  to  -09  per  cent.  If  the  ash  be 
treated  in  the  way  mentioned,  higher  figures  for  chlorine  ■will 
always  be  obtained. 

These  different  substances  in  milk — fat,  caseine,  salts,  »fec. — are 
partly  in  suspension,  partly  in  solution.  The  fat  is  certainly 
emulsified,  or  in  a fine  state  of  division  disseminated  through  thef 
liquid,  and  some  portion,  if  not  all,  of  the  caseine  would  also  appear"' 
to  be  in  suspension  ; for  if  milk  be  filtered  through  a porous, 
earthenware  cell,  the  filtrate  contains  albumen,  but  no  caseine. — 
{Baumhauer-Knapp.)  On  allowing  milk  to  rest,  some  portion  ofl 
the  fat  rises  to  the  surface  in  the  shape  of  cream  • but  however'" 
long  milk  may  stand,  the  lower  stratum  always  retains  souu'i 
milk  fat.  The  most  complete  removal  of  the  fat  in  the  shape  oi* 
cream  is  obtained  by  adding  a little  water  to  the  milk,  and  then 
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f Lllowing  it  to  stand  in  large  open  pans  in  a warm  place  ; in  other 
iyords,  strictly  following  the  practice  of  the  Devonshire  dairy 
I nen  in  making  ‘‘  Devonshire  cream.” 

I § 12.  Average  Composition  of  Milk. — The  cardinal  point  on 
|r  vhich  the  analysis  of  milk  depends  is  its  fairly  constant 
iomposition.  This  was  first  rigidly  demonstrated  by  Mi\ 
ilVanklyn  in  his  treatise  on  “ Milk  Analysis,”  published  in  1874  ; 
ind  all  subsequent  researches,  a few  of  great  value,  have 
lone  little  but  confirm  his  conclusions.  Mr.  Wanklyn,  in  the 
;reatise  alluded  to,  divided  milk  into  “solids  not  fat,”  which 
ncludes  the  albuminoid  principles,  the  ash,  and  the  sugar,  and 
^fat,”  the  main  constituent  of  the  cream.  He  showed  that 
:he  fat”  varied  within  somewhat  wide  limits,  whilst  the  “solids 
not  fat”  in  healthy,  fairly  milked  cows,  never  fell  heloio  9'0  per 
3ent.,  the  average  being  somewhere  between  9 and  10  per  cent. 
This  standard  of  the  amount  of  solids  was  subsequently  adopted 
3y  the  Society  of  Analysts,  who  resolved  to  consider  all  milk  sold 
iS  new  milk,  adulterated,  which  contained  less  than  9-0  per  cent. 
>f  solids  not  fat,  and  2-5  per  cent,  of  milk  fat.  The  following 
able  gives  the  average  composition  of  new  milk  : — 


Averapo 
Country  Milk. 
(Wanklyii.) 

Average 
Town-fed  Milk. 
(Wanklyn ) 

Milk  of 

Alderney  Cow. 
(Wanklyn.) 

Mean  Eesulta 
of  Analysis  of 
181  Cows. 
(Carter  Bell.) 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

by  weight. 

by  weight. 

by  weight. 

by  weight. 

Water,  .... 

87-53 

85-94 

87-34 

86-20 

Fat, 

3-07 

4-01 

3-22 

3-70 

Caseine,  . , . 

4-04 

5-02 

4-Gn 

Milk  Siiojar,  . 

4-02 

4-30 

4-13]' 

914 

Ash,  .... 

•72 

•73 

•70 

•70 

100-00 

100-00 

100-00 

Solids  not  fat. 

9-38 

10-05 

9-44 

9-90 

Total  Solids,  . . 

12-43 

14-00 

12-06 

13-80 

Some  hundreds  of  analyses  might  be  collated,  showing  that, 
iractically,  the  standard  adopted  permits  the  milkman  to  water 
liis  milk  at  least  2 per  cent.  For  instance,  in  the  analysis  made 
I'ecently  by  Mr.  Carter  Bell  * of  the  milk  of  183  cows,  milked  in 

An%lgd,  No.  21,  1877. 
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Ills  presence,  the  lowest  percentage  of  solids  not  fat  is  given  as 
9-2.  Now,  to  such  a milk,  water  could  be  added  in  the  proportion 
of  24  per  cent.  Six  of  Mr.  Bell’s  cows  averaged,  solids  not  fat, 
11 ’3  per  cent.,  and  such  milk  could  be  Avatered  20  per  cent. 
Lastly  (vide  Table),  Mr.  Wanklyn’s  average  country  milk  could 
be  watered  4 per  cent.,  his  average  town  milk  10  per  cent.,  the 
milk  of  the  Aldeimey  coav  4|  per  cent.,  and  Mr.  Bell’s  mean  of 
the  milk  of  181  cows  9 per  cent.,  to  bring  it  down  to  the  Society 
of  Anah'sts’  standard.  If,  knowing  these  facts,  any  large  firm 
should  choose  to  send  their  milk  out  by  analysis,  carefully  worked 
down  to  the  lowest  standard,  the  public  would  not  be  a loser; 
for,  taking  the  commercial  milk  of  the  country  as  a Avhole,  it  is 
greatly  to  be  feared  that  the  average  percentage  of  solids  would 
be  found  under  the  lowest  estimate  of  the  Society. 

§ 13.  Fore-'niilh. — The  average  composition  of  milk  has  been 
sta'ted,  but  it  must  be  noted  that  milk  direct  from  the  cow,  if  only 
partially  milked,  may  be  very  different  in  composition.  There 
is  a milk  Avhich  may  conveniently  be  called  fore-milk,  and  this 
milk  may  be  almost  destitute  of  cream.  Two  cases,  at  least,  are 
on  record  (one  of  them  happening  to  the  Avriter),  in  Avhich  milk- 
men endeavoured  to  thi’OAV  discredit  on  certain  analysts  in  par- 
ticular, and  chemical  investigation  generally,  by  haAnng  a coav 
only  i)artially  milked  in  the  presence  of  such  officials  as  police- 
men, ibc.,  and  sending  this  milk  to  be  analysed; — e.g.,  in  a sample 
of  fore-milk  the  author  found — 


Solids  not  fat, 

9-70 

l’’at,  ..... 

•20 

AVater,  .... 

90  40 

100-00 

Ash.  . . . . 

•72 

Specific  gravity, 

1035 

This  milk  Avas  sent  to  tAvo  other  analysts  Avith  similar  results. 
In  view  of  the  possibility  of  such  cases,  it  is  best  to  certify  all 
milk  deficient  in  cream  as  having  had  the  cream  abstracted^' 
discarding  the  Avord  skimming  f for  fat  may  be  abstracted  in| 
other  Avays  than  those  commonly  knoAvn.  With  regard  to  a 
magisterial  decision  in  fore ’’-milk,  see  p.  G4. 

§ 14.  Skim  Milk. — Skim  milk,  as  its  name  denotes,  is  milk  Avhichl 
has  been  deprived  of  a portion  of  its  cream.  As  existing  in  com  * 
merce,  it  A'aries  in  its  content  of  fat  from  about  2 to  1 per  cent.;* 
but  if  uiiAvatered,  the  solids  not  fat  are  rather  higher  than  in  thei 
milk  from  Avhich  it  has  been  derived.  Notwithstanding  this  fiict.i 
Avhich  admits  of  abundant  proof,  the  Society  of  Analvsts  haA'« 
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I -iggested  that  skim  milk  should  contain  at  least  9 per  cent,  of 
j lilk  solids,  and  it  is  the  custom  of  analysts  to  pass  skim  milk 
1 hich  comes  lip  to  this  standard, 

3 §15.  The  Analysis  of  Milk  A known  quantity  is 

ried  up,  the  loss  equals  the  water;  the  residue  is  exhausted  by 
j iher,  the  loss  equals  the  fat;  the  remainder  is  now  treated  with 
eak  alcohol,  the  loss  equals  the  milk  sugar;  and  lastly,  the  resi- 
ue  is  burnt  and  weighed  as  “ash.” 

Before  all  these  operations,  it  is  usual  and  advisable  carefully  to 
ike  the  specific  gravity  of  the  milk  in  the  ordinary  way  by  a 
^ecific  gravity  bottle.  Mr.  Wanklyn  very  rightly  throws  dis- 
redit  on  the  lactometer,  but  the  specific  gravity  taken  with 
reat  care  does  not  only  confirm  and  verify  the  results  of  analysis, 
ut  it  enables  the  ordinary  pipettes  to  be  used,  and  then  the 
esults  to  be  stated  by  weight.  Genuine  milk,  with  no  great 
xcess  of  cream,  will  be  found  to  vary  from  1029  to  1035;  the 
ream  lowering  the  specific  gravity,  the  total  solids  raising  it. 
Anything  below  1029,  according  to  the  writer’s  experience,  is 
rater,  save  in  those  exceptional  cases  of  very  rich  milks.* 

' Specific  gravity  tables  have  been  constructed,  giving  the  per- 
entage  of  water  both  in  unskimmed  and  skimmed  milk,  but  the 
lata  are  not  as  yet  accurate  and  numerous  enough  to  be  relied 
.poll,  and  therefore  need  not  be  reproduced  liere.  After  the 
[jpecific  gravity  is  taken,  the  solids  may  certainly  in  the  quickest 
|ray  be  dried  up,  as  proposed  by  Mr.  Wanklyn,  by  putting  5 cc. 
|n  a little  shallow  platinum  dish  over  a water  bath;  such  a thin 
dm  dries  up  in  from  2^  to  3 liours,  without  stirring  or  other 
nanipulation.  A moi’e  convenient  method,  liowever,  is  that 
.dvocated  by  Dr.  Bedwood — viz.,  evaporation  in  porcelain  dishes, 
fhe  latter  are  of  a cajiacity  of  nearly  50  gnus.,  and  each  carries 
I glass  stirrer,  and  bears  a number,  and  its  weight,  including  that 
>f  the  stirrer,  is  carefully  taken.  This  weight  will  often  be 
bund  not  to  vary  materially  for  a considerable  time.  Tlie  dishes, 
n number  according  to  the  amount  of  work  to  be  done,  are  sup- 
lorted  on  a suitable  water  bath,  and  25  cc.  are  run  from  a pipette 
into  each  dish;  the  water  is  made  to  boil  strongly,  and  during 
the  operation  the  film  is  frequently  broken  up  by  the  glass  rod. 
A.S  the  process  proceeds,  frequent  manipulation  in  this  way  con- 

* A sample  sold  as  new  milk  to  an  inspector,  the  writer  found  to  have  a 
specific  gravity  r0192.  It  contained — 

Solids  not  fat,  .....  7'S73 

Fat, 8-310 

Ash, -59 

It  was  probably  a milk  known  in  the  trade  as  “fear  milk;”  that  is,  the 
inspector  was  known,  and  cream  either  added  or  served. 
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verts  the  solids  into  a granular  powder,  from  which  the  fat  is 
easily  extracted  by  solvents.  The  total  residue  taken  by  this 
method  will,  according  to  the  -writer’s  experience,  be  a little  in 
favour  of  the  milkman  j e.(j.,  a milk  gave  as  a mean  of  two 
analyses — 

5 cc.  in  a platinum  dish,  13 '35  (2^  hours), 

25  cc.  in  a porcelain  dish,  13*44G4  (3i  hours). 

^Nevertheless,  the  larger  quantity  is  to  be  preferred  to  the  smaller; 
for  if  the  latter  be  taken,  it  necessitates  the  determination  of  fat 
in  another  sample,  whilst  from  25  cc.  the  four  chief  constituents 
of  the  milk  can  be  quantitatively  separated.  In  either  case,  at 
the  end  of  about  two  hours  the  dishes  should  be  cooled,  w'eighed, 
and  I’eplaced  on  the  water  bath,  and  re-v\"eighed  every  quarter  of 
an  hour  until  the  Aveight  is  constant.  This  constant  weight  is 
seldom  delayed  beyond  three  hours. 

Extraction  of  the  Fat. — This  is  an  important  operation,  and 
permits  of  a variety  of  manipulations. 

Mr.  Wanklyn  recommends  evaporating  for  about  an  hour 
10  cc. ; softening  the  caseine  by  the  addition  of  a few'  drops  of 
alcohol,  then  exhausting  by  successive  quantities  of  ether,  passing 
the  ether  through  a filter,  CAarporating  the  filtrate,  AA-eighing  it, 
and  thus  determining  the  fat  directly. 

The  practice  pursued  by  the  author  is  usually  to  pour  about 
GO  or  70  cc.  of  ether  on  the  granulated  milk  solids,  and  if  there 
be  no  necessity  for  the  analysis  to  be  concluded  that  day,  it  is . 
alloAved  to  stand  over  night.  Next  morning,  a funnel  connected 
with  an  inverted  Liebig’s  condenser  is  placed  over  the  dish,  and  ( 
the  ether  boiled  for  from  fiA-e  to  ten  minutes,  or  eA'en  longer., 
^ome  little  concentration  of  the  ether  occurs,  but  if  the  funnel  I 
fit  properly  nearly  all  runs  back  into  the  dish.  The  ether  is  poured ! 
aAvay  through  a filter  into  a Avaste  ether-bottle,*  and  tAvo  sue-- 
cessive  portions  of  ether  are  used  in  a similar  Avay ; the  solids  are? 
noAv  freed  from  ether  by  evaporation  at  a very  gentle  heat,  any- 
thing Avhich  has  escaped  on  to  the  filter  paper  added,  and  tliH 
whole  Aveighed,  the  loss  being  equivalent  to  the  fat. 

Some  chemists  prefer  to  mix  the  milk  solids  Avith  sand  or 
powdered  glass,  since  the  fine  poAAuler  thus  obtained  is  A'ery  easilj'J 
exhausted  from  the  fat  by  solvents.  Others  put  the  solids  into) 
a long  tube,  let  it  stand  over  night,  then  raise  the  boiling  point  oi 
the  ether  by  closing  the  aperture  of  the  tube  by  the  thumb,  Avhilst 
the  lower  portion  is  immersed  in  warm  water. 

When  sufficient  ether  is  collected  in  the  bottle  it  is  distilled,  a littH 
caustic  lime  and  chloride  of  calcium  added  to  the  distillate,  and  then  redisi 
tilled.  » 
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Finally,  the  milk  solids  may  be  transferred  to  any  apparatus 
milar  to  Fig.  11,  and  effectually  and  economically  exhausted 
y a relatively  small  quantity  of  solvent.  The  solvent  itself  may 
so  be  varied;  pure  benzole,  for  example,  will  give  quite  as  good 
;sults  as  ether. 

The  various  modifications  that  have  been  enumerated  will,  in 

3 .Tistworthy  and  experienced  hands,  give  practically  the  same 
3sults.  However,  as  the  mixing  with  foreign  substances,  the 
ansference  of  the  solids  from  the  dish  to  tubes,  &c.,  necessi- 
jte  the  use  of  a separate  portion  of  the  milk  for  the  “ ash,  ” 
irect  treatment  of  the  solids  in  the  original  dish  appears  to  have 
3me  advantage ; besides  which,  there  is  always  danger  of  acci- 
ental  loss  in  the  removal  of  the  solids — a risk  varying  with  the 
kill  and  care  of  the  operator.  But  on  these  objections  no  great 
bress  need  be  laid. 

Solids  not  fat. — The  fat  removed,  the  important  factor  “ solids 
lot  fat”  is  obtained.  It  is  now  open  for  the  anal3'st  (and  in 
u’dinary  work  the  usual  course)  to  burn  up  the  solids  in  a 
ilatinum  dish,  and  thus  obtain  the  ash,  making  no  estimation  of 
he  relative  quantity  of  albuminoids  and  milk  sugar,  this  estima- 
1 being  in  nine  cases  out  of  ten  of  no  value  whatever  as 
•espects  adulteration. 

The  solids  freed  from  fat  may  be  scraped  into  a platinum  dish 
or  10  cc.  of  milk  may  be  evaporated  specially  for  this  purpose), 
ind  ignited  at  the  lowest  possible  temperature,  for  the  phos- 

Bihates  fuse  rather  easily,  and  thus  enclose  particles  of  carbon, 
vhich,  at  a red  heat,  render  complete  combustion  difficult.  The 
volatilisation  of  the  chlorides  may  be  in  a great  degree  controlled 
by  covering  the  dish  with  platinum  foil.  When  the  ash  ceases 
to  diminish  in  weight,  the  final  weighing  is  taken  with  great 
care,  the  ash  further  examined,  and  the  following  points  noted: — 
(1.)  A milk  ash  should  be  white,  or  very  nearly  so. 

(2.)  It  should  contain  no  sulphates. 

(3.)  It  should  only  contain  a trace  of  alkaline  carbonate. 

(4.)  It  should  contain  no  excess  of  chlorides. 

If  the  weight  of  the  ash  agrees  with  the  estimation  of  the 
milk  solids,  and  responds  to  the  above  tests,  mineral  adulteration 
is  not  likely.  Mere  watering  of  the  milk  diminishes  the  ash* 
but  if  it  be  watered  and  adulterated  as  well  with  carbonate  of 
soda  or  similar  substances,  the  ash  may  either  be  of  normal  or 
excessive  weight.  In  some  rare  cases  a very  hard  gypsum-hold- 
ing water  may  have  been  added  to  the  milk,  and  reveal  its 
presence  by  an  ash  containing  sulphates.  Such  an  inquiry, 
however,  demands  the  evaporating  down  and  burning  up  of 
inconveniently  large  quantities  of  milk  (at  least  100  cc.).  To  tako 
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the  case  of  a water  containing  10  grains  per  gallon  of  sulphate 
of  lime  (10  mgrrns.  in  70  cc.),  a milk  watered  10  per  cent,  would 
yield  about  1'4  mgrm.  of  SO3  from  100  cc. 

The  chlorides  are  taken  in  the  ordinary  way  by  titrating  with 
a solution  of  silver  nitrate,  each  cc.  of  which  equals  1 mgrm.  of 
chlorine,  4 '79  grins,  to  litre,  using  as  an  indicator  neutral 
chromate  of  potash.  The  presence  of  alkaline  carbonate  is 
denoted  by  effervescence,  and  the  amount  present  is  estimated 
by  d.  n.  acid.  Such  an  examination,  only  occupying  a few 
minutes,  is  for  practical  purposes  quite  sufficient,  unless  some 
exceptional  case  arise  demanding  a more  or  less  comjilete  quali- 
tative and  quantitative  estimation  of  the  ash. 

If  the  amount  of  caseine  and  milk  sugar  be  required,  they  may 
both  be  determined,  or  one  only  estimated,  and  the  other  found 
by  difference.  The  most  convenient,  and  an  extremely  rapid, 
method  of  determining  caseine  is  the  one  devised  by  Mr.  Wank- 
lyn — viz.,  to  take  5 cc.  of  milk,  dilute  it  with  water  in  a half-litre 
flask  to  500  cc.,  and  then  of  this  diluted  fluid  distil  5 cc.  ( — ^ 

cc.  milk)  with  a strongly  alkaline  solution  of  permanganate  of 
potash,  and  estimate  the  ammonia  in  the  distillate,  either  colori- 
metrically  by  “ Nesslerising  ” or  by  titration.  *065  of  ammonia 
equals  1 part  by  weight  of  caseine.  The  following  table  will  save 
calculation : — 


NH.i 

Mgrm. 

•01 

•02 

•03 

•04 

•on 

•OG 

•07 

•08 

•09 


Alhuminoiils 
calculated  as 
Caseiue. 
Mgrm. 
•154 
•308 
•4G2 
•GIG 
•770 
•924 

. 1-028 
1 -232 
. 1 -38G 


A less  expeditious,  but  very  accurate,  way  of  estimating 
caseine,  is  to  make  a combustion  of  about  -5  to  -7  of  the  drv 
solids  with  oxide  of  copper.*  The  amount  of  nitrogen  found, 
multiplied  by  G-33,  equals  the  caseine. 

The  above  are  more  or  less  direct  methods,  but  the  one  in 
general  use  by  analysts  is  simply  to  abstract  the  milk  sugar  from 
the  caseine,  and  directly  weigh  the  latter  with  its  associated  ash, 
the  ash  being  subsequently  determined  by  ignition,  and  subtracted 
from  the  total  weight.  This  method  has  the  advantage  of  esti- 

Albuminoids  do  not  give  up  all  their  nitrogen  if  ignited  with  soda  lime. 
Pflliger’s  Archiv.f.  Physiologic,  vj.,  p.  284. 
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mating  the  milk  sugar  as  well.  It  is  performed  as  follows : — - 
The  milk  solids  freed  from  fat  are  treated  first  with  alcohol  of 
80  per  cent.,  and  then  finally  extracted  with  boiling  water,  so  as 
in  point  of  fact  to  dissolve  the  sugar  out  with  weak  alcohol. 
The  solution  is  filtered  and  evaporated  to  dryness,  weighed, 
ignited,  and  then  again  weighed,  when  the  loss  equals  the  milk 
sugar,  and  the  residue  equals  the  small  quantity  of  soluble  ash 
which  has  been  dissolved  by  the  preceding  operations.  The  caseine 
is  then  determined  in  precisely  a similar  way  to  that  before 
described.  The  milk  sugar  may  also  be  determined  by  taking  a 
known  volume  of  milk,  precipitating  the  caseine  by  acetic  acid, 
filtering,  and  then  diluting  with  nine  or  ten  times  its  volume 
of  water,  and  titrating  it  with  standard  copper  solution.  (See 
p.  7.) 


§ 16.  Adulterations  of  Millc. 

The  only  adulterations  known  to  be  practised  in  this  country 
at  the  present  time  are — the  addition  of  water,  the  addition  of 
glycerine,  the  abstraction  of  cream  [whether  by  fractional  milk- 
ing, skimming,  or  other  means],  the  addition  of  salt,  of  borax,  of 
sodic  carbonate,  and  of  salicylic  acid,  and  lastly,  the  manufacture 
of  new  milk  ” from  condensed  or  concentrated  milks.  As  for 
chalk  and  water,  pulped-up  brains,  infusions  of  seeds,  and  the 
like,  popularly  believed  to  have  been  used  as  adulterants,  they 
are  in  the  present  day  unknown;  and,  indeed,  the  evidence  of 
such  adulteration  at  a former  time  is  either  untrustworthy  or 
rests  on  some  solitary  case,  which  has  been  diligently  copied 
from  one  book  to  another.* 

The  addition  of  glycerine  to  milk  (of  which  one  case  is  recorded 
by  Dr.  Muter)  is  detected  as  follows: — The  dry  and  neutral 
milk  solids  are  freed  from  fat  by  exhaustion  with  pure  anhydrous 
ether;  the  glycerine  is  then  dissolved  out  by  a mixture  of 
absolute  alcohol  and  ether.  The  alcohol  and  ether  are  driven  off 
by  gentle  evaporation,  and  the  glycerine  identified  by  its  physical 
properties  and  the  production  of  acroleine  fumes,  on  mixing  with 
■a  little  sulphuric  acid  and  heating. f The  milk  sugar  in  such 

* The  writer  was  informed  by  an  analyst  last  .year,  that  he  had  found 
Thorlev’s  Food  for  Cattle  in  some  samples  of  milk.  It  was  iiltimately 
proved  that  a serv’^ant  of  the  dairyman  had  regularly  contaminated  the  milk 
from  motives  of  revenge ; but  it  is  obvious  that  such  a matter  is  wholly  dis- 
tinct from  adulteration. 

t A test  for  glycerine  has  been  recently  proposed  and  described  by  A. 
8enier  and  A.  J.'G.  Lowe  [Ghem.  Soc.  Journ.,  No.  clxxxix.,  Sept.,  1878). 
It  depends  upon  the  fact  that  glycerine  sets  free  boracic  acid  from  borax.  A 
little  powdered  borax  is  idaced  in  a watch-glass,  and  the  solution  to  be 

E 
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cases  must  be  estimated  by  copper,  and  the  albuminoids  either 
by  a nitrogen  combustion  or  by  the  ammonia  process.^ 

The  addition  of  common  salt,  carbonate  of  soda,  or  other  mineral 
adxdterant,  will  be  indicated  by  the  relation  of  the  ash  to  the 
caseine  being  abnormal,  and  also  by  the  chemical  characteristics 
of  the  ash  itself.  The  chloi’ine  will,  of  course,  be  raised  if  com- 
mon salt  has  been  added,  and  if  sodic  carbonate  is  present. 
Effervescence  on  the  addition  of  d.  n.  acid  and  the  unwonted 
alkalinity  will  at  once  beti’ay  it. 

The  detection  of  borax  in  large  quantities  is  easy,  in  small 
difficult.  At  least  200  cc.  of  milk  should  be  taken,  alkalised 
by  sodic  carbonate,  evaporated  down  in  a large  platiniim  dish, 
and  gently  ignited  to  an  ash.  This  ash  is  decomposed  with 
sulphuric  acid,  the  excess  of  acid  diiven  off  by  heat,  and  then 
the  freed  boric  acid  dissolved  out  by  alcohol.  The  alcohol  is 
concentrated  at  a very  gentle  heat  until  its  bulk  does  not  exceed 
that  of  half  a cc. ; this  is  then  set  on  fire  in  a shallow  watch-glass, 
and  the  flame  (which  will  be  green)  examined  by  the  spectro- 
scope ; the  bands  occupy  the  position  shown  in  Fig.  2. 

idalicylic  acid  is  detected  by  the  i>rocesses  described  in  the 
article  on  Beer.'f 

§ 17.  Calculation  of  results. — Mr  Wanklyn  has  endeavoured  to  in- 
ti’oduce  the  statement  of  results  in  grms.  yielded  by  100  cc.  of  milk, 

examined  (first  made  dightly  alkaline)  is  poured  on  to  it.  The  mixture  is 
stirred  with  a ^lass  rod,  and  then  a portion  introduced  on  a looped  platinum 
wire  into  the  flame  of  a Bunsen  burner,  Avhen,  if  glycerine  be  present,  the 
green  colour  of  boracic  acid  is  immediately  produced,  and  the  flame  will,  of 
course,  exhibit,  on  spectroscopic  examination,  the  welbknown  bands  (see  Fig. 
•2).  Ammoniacal  salts,  erythrite,  and  glycol,  give  with  gljmerine  the  sanre- 
reaction  ; but  none  of  these  would  be  likely  to  be  present  in  milk. 

* Analyst  [25],  1878. 

t hilst  these  sheets  were  passing  through  the  press,  two  modifications 
of  the  ordinary  process  for  milk  analysis  have  been  described  : — 

(1.)  Mr.  A.  Adam,  in  a communication  to  the  Academie  des  Sciences, 
recommends  the  employment  of  a glass  tube  of  40  cc.  capacity,  having  a glass 
l-jpe  above  and  stopcock  below.  Into  this  is  introduced— first,  10  cc.  of 
alcohol,  containing  of  its  volume  of  caustic  soda  ; secondly,  10  cc.  of 
ncilk  ; and  thirdly,  12  cc.  of  pure  ether;  the  tube  is  closed,  well  shaken,  and 
allowed  to  rest  for  ten  minutes,  when  it  separates  into  two  layers,  the  upper 
one  containing  all  the  fat.  The  remainder  of  the  process  essentially  consists 
in  separating  the  upper  from  the  lower  la^’^er  in  the  usual  Avay  by  means  of 
tlic  sto])cock,  the  recovery  of  the  fat  by  evaporating  the  ether,  the  coagula- 
tion of  the  caseine  by  acetic  acid,  and  the  estimation  of  the  sutrar  bv  Fehlir.o-’s. 
solution.  o n 

(2.)  W.  C.  Heraeiis  [Arch,  riiarm.  [,8],  xii.  4.1),  places  10  grms.  of  the 
sample,  mixed  with  powdered  glass,  in  a small  silver  boat,  which  is  placed 
m an  iron  tube,  and  air  at  a temperature  of  about  .35°C.  is  drawn  over  the 
milk  for  thirty  minutes,  at  the  end  of  which  time  it  is  completely  dry.  The 
remainder  of  the  process  is  as  usual. 
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which,  since  the  average  specific  gravity  of  milk  is  102-9,  is  equiva- 
lent to  parts  by  weight  in  102-9  parts.  Such  a method  has  one 
advantage,  vdz.,  that  it  involves  but  little  calculation.  It  is,  how- 
ever, never  likely  to  come  into  general  use,  from  the  difficult}^ 
which  magistrates  and  others  out  of  the  scientific  world  find  in 
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Fig.  2. 


understanding  such  calculations.  The  writer’s  own  practice  is 
always  to  state  the  parts  per  cent,  by  weight. 

The  specific  gravity  being  known,  the  residues  from  5,  10,  or 
25  cc.  are  multiplied  to  100,  and  this  number  divided  by  the 
specific  gravity,  the  result  being  parts  by  weight.  Thus,  25  cc. 
of  a milk,  the  specific  gravity  of  which  was  102-8,  gave  2-5  grins, 
of  solids  : — 


2-5  X 4 (100) 
102-8 


9-75  per  cent  by  weight. 


If  the  milk  has  been  simply  watered,  the  multiplication  of  solids 
not  fat  {=  s)  by  100  and  dividing  by  9,  will  give  the  number  of 
})arts  by  weight  of  genuine  milk  in  100  ( = x)  : — 


= X. 


If  the  milk  has  been  simply  skimmed,  and  the  lowest  standard 
be  used,  then  if  the  solids  not  fat  ( = s)  are  subtracted  froni  the 
percentage  of  fat  ( = /),  the  product  multiplied  by  2-5  and  divided 
by  9,  the  result  equals  the  percentage  of  fat  removed  = x : — 


9-: 


9-0 


X - y = X. 


Finally,  if  a milk  is  both  skimmed  and  watered,  the  following 
formula  maybe  used,  in  which  s and /’mean  respectively  “ solids 
not  fat”  and  ‘Tat,”  and  x is  extraneous  water  : — 


100  - 


100 


-f 

9‘ 


2-5 


s - f = X. 


The  above  calculations,  it  will  have  been  already  observed, 
merely  return  a milk  as  watered  or  skimmed  accoiding  to  a cer- 
tain standard.  The  farther  the  original  milk  deviates  from  the 
standard,  the  greater  the  error  in  the  calculation.  One  thing  is. 
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however,  certain,  that  the  advantage  is  always  on  the  side  of 
the  milkman.  It  would  be  possible  to  make  the  calculation 
approximate  very  nearly  to  the  truth,  if  it  were  in  the  power  of 
magistrates  to  order  the  analysis  of  half-a-dozen  samples  on  con- 
secutive days  from  the  cow  whence  the  original  milk  was  derived  ; 
but  such  a course  is  wholly  unnecessary,  considering  the  extent 
of  our  present  knowledge  with  regard  to  the  variations  of  milk. 

One  of  the  most  frequent  questions  put  to  analysts  in  court  is 
— How  much  water  is  there  in  milk? 

This  simple  inquiry,  if  answered  suddenly  and  without  reflec- 
tion, may  cause  some  embarrassment,  for  two  milks  may  contain 
identical  quantities  of  water,  say  88 '5  per  cent.,  and  the  one  an 
analyst  might  return  as  genuine,  the  other  as  adulterated;  for 
in  the  one  case  the  solids  not  fat  might  be  9,  the  fat  2 ‘5,  in  the 
other  the  solids  not  fat  8,  and  the  fat  3'5.  So  that  the  proper 
reply  is,  that  genuine  milk  has  never  been  known  to  contain 
more  than  88*5  per  cent,  of  water;  but  the  judgment  with  respect 
to  watering  depends  on  the  ]iercentage  of  solids  not  fat,  and  a 
milk  with  even  a less  percentage  than  88 '5  may  have  been 
watered. 

Decomposed  Milh. — The  putrescible  matters  of  milk  are  albumen, 
caseine,  and  milk  sugar.  Tlie  fat  will  remain  for  a long  time 
good,  and  the  ash  or  mineral  constituents  are  practically  perma- 
nent. The  most  common  change  is  the  lactic  fermentation,”  in 
which  some  small  quantity  of  ethylic  and  other  alcohols  are  formed, 
and  a considerable  portion  of  the  milk  sugar  passes  into  lactic  acid. 
On  drying  such  a milk  up,  the  lactic  acid  may  char  the  residue, 
and  thus  there  will  be  loss;  besides  this,  since  lactic  acid  is 
soluble  in  ether,  if  the  milk  is  analysed  in  the  ordinary  way,  the 
ether  will  not  extract  fat  alone,  but  lactic  acid.  On  igniting  the 
ash,  chlorides  will  volatilise  more  completely  than  usual,  so  that 
the  ash  will  be  lower.  If  milk  is  kept  still  longer,  the  albumen 
and  caseine  become  putrid,  the  glycerides  break  up,  and  there  is 
an  evolution  of  COg  and  ammonia. 

If  milk  is  kept  cool  and  in  the  dark,  there  often  occurs  slow 
fermentation,  entirely  analagous  to  the  fermentation  of  cheese 
(p.  81),  in  which  some  portion  of  the  caseine  changes  into  fat. 
This  change  is  of  great  importance  to  the  analyst,  especially  with 
regard  to  the  reference  of  samples  to  Somerset  House  — the 
same  milk  analysed  at  different  dates  often  giving  from  1 to  2-5 
per  cent,  more  fat  than  it  held  originally.*  This  fatty  change  of 
the  albuminoids  should  not  be  ignored  by  any  laboratory  of 


* See  the  author’s  paper  on  the  Fatty  Metamorphosis  of  the  Albuminoids 
in  Milk  and  Cheese,  Analyst,  1878,  j)p.  230-235. 
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appeal,  or  a false  charge  of  inaccuracy  may  he  brought  against 
an  analyst. 

The  complete  analysis  of  a decomposed  milk  involves  the 
determination  of  the  total  residue — alcohol,  volatile  acids,  fat, 
sugar,  lactic  acid,  ammonia,  albuminoids,  ash. 

(1.)  The  total  solids. — It  is  always  well,  if  the  milk  be  acid,  to 
take  a weighed  quantity,  and  to  neutralise  it  carefully  with  a 
known  quantity  of  sodic  carbonate,  correcting  for  loss  of  hydrogen 
and  carbonic  dioxide,  thus  2CgHg03  + NagCOg  = 2C3H5Na03 
"1“  H,0  + COg,  and  also  for  the  Aveight  of  the  sodic  carbonate 
produced. 

(2.)  The  alcohol  is  obtained  by  exactly  neutralising  the  milk  with 
sodic  carbonate,  and  distilling  at  least  one-third.  The  flask  is  best 
connected  by  a proper  cork  to  a small  Liebig’s  condenser,  and 
the  receiver  should  be  a flask  AAdth  a mercury  vah^e,  the  whole 
forming  a closed  system,  rendering  loss  impossible.  The  liquid 
is  again  distilled  so  as  to  concentrate  the  alcohol  in  a small 
bulk,  and  lastly  oxidised  into  acetic  acid,  in  the  way  described 
at  p.  131. 

(3.)  The  free  volatile  acids  are  estimated  by  distillation  on  the 
principles  fully  described  in  the  article  on  Wine. 

(4.)  The  fat  is  obtained  by  exhausting  the  solids  by  petroleum 
ether,  or  ether.  If  the  latter  is  used,  it  Avill  be  necessary  first  to 
neutralise  the  milk  carefully  with  sodic  carbonate. 

(5.)  The  sugar,  as  described  p.  7. 

(6.)  The  lactic  acid  may  be  very  approximately  found  by  taking 
first  the  total  acidity  of  the  milk,  eA'aporating  nearly  to  dryness, 
dissohnng  in  water,  again  titrating,  and  expressing  the  results 
as  lactic  acid. 

(7.)  The  ammonia  and  the  alhuminoids  are  determined  by  the 
usual  methods. 

(8.)  The  ash. — In  all  decomposed  milks  the  amount  of  ash  gives  a 
fair  indication  whether  any  watering  has  taken  place,  or  not.  At 
least  50  cc.  of  neutralised  milk  should  be  taken,  and  an  estima- 
tion of  the  phosphoric  acid  and  chlorine  is  advisable.  In  com- 
pletely putrid  milks,  the  only  possible  data  upon  which  to  base  an 
opinion  must  be  derived  from  the  ash ; questions  of  skimming 
under  such  circumstances  should  not  be  dealt  Avith.  Some 
chemists  appear  to  imagine  that  all  milks  decompose  according  to 
a fixed  ratio.  This  certainly  is  very  erroneous,  and  a supposition 
entirely  unsupported  by  facts.  The  decomposition  of  milk 
depends  upon  such  a A^ariety  of  circumstances,  that  it  follows 
no  regular  course  or  laAv. 
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§ 18.  Unhealthy  and  Abnormal  Milks. 

One  of  the  chief  symptoms  of  ‘‘lacteal  albuminuria,  ” an  afiec- 
tion  from  which  cattle  suffer,  is  a viscid,  stringy  condition  of  the 
milk  a little  while  after  it  has  been  drawn.  Such  milk  is  highly 
albuminous,  containing  from  8 to  1 2 per  cent,  of  albumen.  Samples 
of  milk  causing  flatulence  and  diarrhoea  in  jmung  children  are 
occasionally  brought  to  the  writer,  and  doubtless  to  others ; they 
all  agree  in  entering  rapidly  into  lactic  fermentation  ; but  so  far 
as  is  known,  there  is  no  absolute  impurity  or  poison.  The 
cause  may  be  referred  either  to  dirty  cans,  foul  dairies,  or  in  a few 
cases  to  some  local  affection  of  the  cow’s  udder.  Blue  milks*  are 
on  record,  ]n’obably  due  to  some  fungoid  growth ; according  to 
Moslem,  they  have  caused  intestinal  disturbance  in  children. 

Milk  is  influenced  by  diet.  In  this  way,  bitter  and  purgative 
principles  taken  by  the  mother  are  liable  to  be  excreted  by  the 
mammary  glands ; thus  the  bitter  of  the  turnips  is  tasted  in  the 
butter,  and  a successful  method  of  giving  a suckling  infant  a 
purgative  is  to  indirectly  administer  it  through  the  system  of 
the  mother.  This  being  so,  it  is  in  no  way  surprising,  if  occasion- 
ally milk  should  be  ]Joisoned  through  an  animal  eating  poisonous 
herbs.  In  June,  1875,  the  inhabitants  of  the  Bione  Borge  in 
Borne  suffered  from  an  epidemic  of  gastro-intestinal  irritation ; 
the  cause  was  traced  to  the  use  of  goats’  milk,  the  goats  having 
browsed  on  the  meadow  saffron.  Professor  Balti  succeeded  in  iso- 
lating colchicine  from  the  milk.f  Of  recent  years  much  attention 
has  been  given  to  the  spread  of  the  contagion  of  such  diseases  as 
scarlet-  and  typhoid-fever  by  milk.  The  cases  are  too  numerous 
now  to  deny  that  sometimes  these  fevers  are  propagated  through 
the  medium  of  the  milk.  Some  of  the  instances  cited  are,  however, 
to  the  writei'’s  mind  untrustworthy,  and  narrated  by  observers  who 
appear,  before  they  commenced  their  investigation,  to  have  resolved 
to  accuse  and  convict  the  milk.  It  must,  of  course,  be  borne  in 
mind,  that  the  milk  in  cases  where  it  has  really  been  the  agent 
is  not  itself  in  fault,  but  has  been  contaminated  with  infected 
Avater,  epithelial  scales,  and  other  substances,  and  plays  pretty 
well  the  same  part  as  an  infected  garment,  or  as  any  liquid 
polluted  with  specific  excreta. 

A veiy  serious  question  has  of  late  years  been  discussed,  on 
the  possible  transmission  of  tubercular  disease  by  milk.  In  1866, 

* This  blue  fungus  {Oidium  lactls)  at  times  prevails  over  larc^e  traets  of 
country  on  the  Continent,  and  causes  great  individual  loss  to  dairy-keepers- 
In  Jiingland  it  is  of  extreme  rarity. 

+ Similar  illness  has  been  caused  in  the  Western  States  of  America  and  in 
Australia,  by  the  milk  of  cattle  which  had  fed  on  poisonous  shrubs  or  herbs. 
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Gerlacli  fed  two  calves,  two  pigs,  one  sheep,  and  two  rabbits  with 
the  raw  milk  from  a phthisical  cow  for  from  twenty-one  to  fifty 
days  ; the  whole  of  the  animals,  with  tlie  exception  of  one  which 
died  from  foot  and  mouth  disease,  suffered  from  severe  illness, 

I and  the  post-mortem  examination  showed  the  pathological  signs 
of  tubercle.  Klebs  subsequently  made  a similar  experiment,  and 
fed  nine  guinea-pigs  with  milk  from  a phthisical  cow,  and  the 
animals  also  became  tuberculous.  Still  more  striking  was  the 
accidental  infection  of  a large  St.  Bernard  dog,  from  drinking  milk 
of  a phthisical  cow,  detailed  at  length  in  Klebs’  memoir.  Several 
other  observers  have  since  endeavoured  to  propagate  tubercular 
disease  by  feeding  various  animals  with  the  milk  of  diseased  cows, 
with  the  following  results  as  summarised  by  Bollinger: — 

Three  pigs — one  successful,  two  doubtful  cases. 

Three  calves — two  successful,  one  died  accidentally  during  the 
course  of  the  experiment. 

One  lamb — successful. 

Two  doers — both  unsuccessful. 

Two  cats — both  unsuccessful. 

Kourteen  rabbits — two  successful,  six  unsuccessful ; the  re- 
mainder were  fed  with  the  boiled  milk,  and  the  experiment 
was  negative. 

On  the  other  hand,  Harms  and  Gunther  (although  successful  in 
inducing  tuberculosis  in  rabbits)  state,  that  the  young  rabbits 
.sucking  their  mothers  thus  artificially  phthisical,  remained  free 
from  disease.  Dr.  Schreiber  has  failed  to  induce  tuberculosis  in 
rabbits ; and  lastly,  according  to  E.  Perroncito  of  Turin,  a whole 
family,  consisting  of  a man  and  wife  and  two  children,  drank  for 
eight  days  the  milk  of  a cow  most  decidedly  tuberculous,  as  proved 
by  an  autopsy,  yet  two  and  a half  months  after,  at  the  date  of  his 
memoir,  they  remained  well.  It  may  then  be  legitimately  con- 
cluded that, — 

(1.)  A disease  similar,  if  not  identical,  with  tuberculosis  may  be 
propagated  from  animal  to  animal  by  the  means  of  a milk  derived 
from  a diseased  cow. 

(2.)  That,  therefore,  such  milk  is  unfit  for  human  food. 

(3.)  That  nothing  definite  is  known  with  regard  to  the  propaga- 
tion of  tubercle  from  the  lower  animals  to  man. 

In  any  case,  phthisis  in  cows,  although  it  may  be  a rare 
•and  occasional  danger,  is  not  one  of  any  magnitude.  The  milk 
•of  an  animal  thus  diseased  so  rapidly  decreases  in  quantity, 
that  the  cost  of  maintenance  exceeds  the  retiums  of  produce, 
and  therefore  the  animal  is  soon  slaughtered.  The  disease 
also  appears  not  to  be  so  common  as  some  writers  believe. 
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M.  Vallin,  aided  by  some  of  the  most  eminent  veterinarians  of 
Paris,  searched  for  four  months  in  vain  for  a phthisical  cow,  and  in 
liis  memoir*  he  states  that  out  of  28,000  beasts  slaughtered 
annually  at  the  abbatoirs,  the  carefully  inspected  viscera  of  only 
twenty  to  twenty-eight  bear  any  trace  of  tubercle,  while  those 
I’ejected  as  unfit  for  slaughter  are  an  insignificant  number. 

There  are  occasional  instances  of  apparently  healthy  cows 
giving  an  abnormal  milk.  Mr.  Pattinson  found  a roan  cow  give 
a milk  characterised  by  a remarkably  low  percentage  of  albu- 
minoids, and  so  much  common  salt  that  the  milk  tasted  saline. 
The  following  is  his  analysis  : — t 


Water,  ......  9U’15 

Fat, 3-00 

Caseine,  ......  2 '00 

Milk  sugar, 3 '90 

Ash, 0-95 


100-00 

Chlorine  in  ash,  . . . . , 0’27 

Ecpial  to  sodium  chloride,  . . . 0'44 


The  milk  in  anthrax  and  anthracoid  diseases  is  said  to  be  of  a 
dirty-bluish  colour,  streaked  with  blood,  and  soon  becoming 
putrid.  Diarrhoea  has  been  produced  from  its  use.  The  milk 
of  cattle  suffering  from  pleuro-pneumonia  has  been  drunk  with 
impunity,  and  the  same  may  be  said  of  that  from  cattle  suflering 
from  cattle  plague.  In  such  diseases,  however,  there  is  nearly 
always  early  suppression  of  the  secretion,  and  but  little  is  known 
of  the  chemical  qualities  of  the  fluid.  Milk  derived  from  rabid 
cows  also  does  not  appear  to  be  hurtful,  J but  here  again  little  is- 
known  of  the  matter. 


§ 19.  Milhfroin  Cattle  affected  hy  Foot  and  Mouth  Disease 
{Eczctma  einzootica). 

Microscoffcal  Characters. — If  milk  be  taken  on  the  first  day  of 
the  disease  and  microscopically  examined,  no  abnormal  elements 
whatever  may  be  discovered  in  it;  but,  on  the  other  hand, 
instead  of  the  globules  remaining  free  and  separate,  as  is  usually 

the  case,  they  show  a tendency  to  aggregate  into  groups in 

other  words,  the  first  stage  is  aggregation  of  the  milh  corpiLscles. 
About  the  third  day  some  new  bodies  (first  observed  and 


* M.  Vallin— Lait  des  Vaches  Phthisiques.  Annales  tVHygiene  imhllque, 
July,  1878. 

+ Analyst,  May,  1876. 

ZNova  Cupa.  Nat.  cur.,  vol.  i.,  obs.  55.  Baudot  iii  M6m.  de  la  Socletv 
Loyalc  de  Aled.,  an.  1782-83,  t.  xi.,  p.  911. 
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described  by  tbe  author  '')  make  their  appearance.]^ These  con- 
sist of  elongated,  battened,  highly  refractive  bodies,  ranging  in 
length  from  -g-ty.  to  of  an  inch.t  In  some  there  are  divi- 

sions at  intervals,  which  appear  to  be  ratlier  the  contraction  of  a 
sarcode  substance  than  an  indication  of  cells.  These  bodies 
are  not  perceptibly  altered  by  dilute  acetic  acid  or  iodine,  nor 
are  they  stained  by  magenta.  By  the  fourth  day  they  are 
fewer  in  number  and  rather  larger.  In  the  later  stages  they 
are  absent. 

If,  as  frequently  happens,  there  are  ulcers  on  the  teats  them- 
selves, pus-cells,  epitlielium,  and  blood'  will  be  found  in  the 
milk.  These  are,  of  course,  accidental  products,  and  not  secreted 
by  the  gland;  frequently  there  is  a circular  ulcer,  not  very 
evident  unless  looked  for,  just  within  the  teat,  and  this  ulcer 
contaminates  the  milk. 

§ 20.  Chemical  Composition  of  the  Milk. — This  interesting  sub- 
ject requires  further  investigation.  The  writer  made  some  par- 
tial analyses  during  the  epizootic  of  1876,  the  results  of  which  are 
detailed  in  the  following  table.  The  analyses  are  termed  “ 
because  the  relative  quantity  and  the  nature  of  the  albuminoid 
constituents  have  not  been  determined,  and  this  in  diseased  milk 
is  all-imjoortant.  There  are  also  a foAv  analyses  by  Mr.  Thomas  of 
Oardib',j;  the  results  dib'ering  greatly,  and  it  is  to  be  suspected 
that  in  these  cases  the  milk  was  contaminated  by  pus  and  blood;, 
so  that,  though  Mr.  Thomas’  analyses  represent  what  is  far  more 
likely  to  be  found  in  commerce,  viz.,  high  fatty  residues,  they 
probably  do  not  represent  entirely  the  secretion  of  the  mammary 
gland  in  ajihthous  fever. 

It  will  be  necessary  now  to  inquire,  whether  the  milk  of  an 
animal  ill  of  ajihthous  fever  should  be  certibed  as  injurious  to 
health,  or  not.  The  answer  to  this  question  sans  phrases,  is, 
that  it  should  be  absolutely  condemned  as  unbt  either  for  man 
or  animals.  In  one  stage  of  the  disease,  indeed,  it  is  directly 
poisonous,  and  no  one  can  be  well  acquainted  with  the  literature 
of  aphthous  fever  without  knowing  that  a number  of  calves  have 
suddenly  died  after  sucking  their  aphthous  mothers.  Such  cases 
have,  indeed,  fallen  under  the  author’s  observation  in  the  epizootic 
of  1876.  Moreover,  the  milk  which  i^ossessed  the  characters 
before  described  has  been  injected  by  the  writer  under  the  skin 
of  kittens,  and  also  been  given  by  the  mouth ; in  both  instances 

*.Chem.  News,  vol.  xxxii.,  p.  245. 

t This  observation  has  been  recently  confirmed  by  Mr.  M igner  and  by  Mr. 
Heisch.  !See  Un  Diseased  Milk,  C.  lieisch,  F.C.8.,  and  Some  Kecent  Cases, 
of  Diseased  Milk,  G.  W.  Wigner,  F.C.S.  Analyst  \fC\,  May,  1878. 

X Chem.  News,  xxxii.,  836. 


58 


A MANUAL  OF  PRACTICAL  CHEMISTRY 


[§ 


W 

H 

O 

W 

fa 

c 

w 

is 

o 

O 


M 

P 
o 
>— ( 

<1 

fa 

o 

CO 

*> 


W 

CO 

<1 

W 

CO 

ft 

w 

H 

p 

o 


ij  r=H 

HH 


fa< 

O 

m 
W 

«;  Fp 


H 

O 

o 


o 

>5 

t-H 

o 


fa 

fa 

« 


rH 

CO 

O 

1^ 

CO 

l>- 

t- 

JO 

Q 

oo 

C<i> 

p 

tP 

.d 

cc 

r-r 

o 

Cl 

00 

rH 

r^ 

— ' 

>» 

1'— 

O 

o 

d 

00 

o 

JO 

Q 

o 

iC 

CO 

iO 

p 

o 

o 

o 

tH 

OD 

rH 

rH 

. 

A 

> fl 

CO  Ci 

o 

Cl 

o 

00 

o 

P CO 

rH 

o 

^-5X3 

H 

r-^ 

00 

o 

(b 

o 

o 

o o 

rH 

tH 

c3 

CO 

O C<1 

p 

p 

2 

o o 

b 

CO 

O 

CO 

rH 

X3 

H 

ri 

P 

CO 

0.0 

Ol  JO 

o 

O 

CO 

00 

C<I  C<I 

00 

p 

o 

p 

1'- 

rH 

»o 

o 

(M 

o 

Cl 

X 

o 

o 

o 

CO 

o 

o 

p 

o 

o 

T— i 

o 

o 

rH 

CO 

(— ( 

rH 

m 

^ 

> 1 

o 

rH 

(M 

o 

O 

r'  d 

cp 

O 

Ci  ^ 

X 

tH 

rt 

Q 

' — ' 

rH 

t- 

ib 

o 

rH 

H 

00 

rH 

C<l 

CO 

o o 

Cl 

O 

-*-> 

o 

o 

o o 

JO 

C/J 

l;^ 

p 

p 

CO 

cti 

CO 

t- 

CO 

o 

00 

o 

CO 

CO 

o 

rt 

' 

o 

CO 

1- 

S 

CO 

o b 

o 

Cl 

o 

05 

jd 

>» 

c3 

js 

O 

rH 

c: 

o 

Q 

' ,■' 

o o 

o 

o 

►-S 

Ci 

GO  ^ 

o 

CO 

O 

rH 

<v*> 

CO 

O 

CO 

CO 

O 

<p 

<?>  'P 

p 

■rr 

r-. 

o 

lb 

o 

OD 

rH 

o 

CO 

lO 

1'- 

Cl 

s 

CO 

CO 

o 

•rp 

p 

oi 

T* 

CO 

rH 

1-. 

CO 

c:o 

CO 

CO 

o 

b 

o 

CO 

o 

o 

1-- 

c 

o— s 

o 

CO 

o 

Ci 

p 

CO 

o 

lO 

o 

1 

rH 

rH 

1 

o 

o 

C5  o 

CO 

(3 

CT5 

o o 

o 

1'- 

j 

C^l 

p 

CO  CO 

o 

CO 

■ji 

' 

o 

Cl 

o 

GO 

o 

, 

•4^3 

•V 

B ^ 

c3 

J:o 

Q> 

•4-3 

• 

o' 

’S  fai 

S 

!/, 

c3 

•4-3 

(Z!  — * 

i 

c3 

Ph 

-?«  P 

O i< 

z? 

< 

'o 

m 

§20.] 


MILK. 


50 


the  animals  appeared  perfectly  well  for  a short  time,  and  then 
died  in  convulsions.  The  post-mortem  appearances  of  the 
calves,  as  well  as  the  kittens,  revealed  intense  pulmonaiy 
congestion.  Professor  Simonds  has  also  given  the  infected  milk 
to  pigs  with  a fatal  result ; Professor  Brown  to  cats,  and  in  the 
latter  it  has  induced  evident  indisposition.  In  addition  to  this 
proof  of  absolutely  poisonous  properties,  there  are  numer- 
ous cases  on  record  in  which  it  has  propagated  the  disease 
itself. 

The  first  definite  notice  of  the  propagation  of  aphthous  fever 
by  milk  is  in  a small  Latin  work  by  Michel  Sagar,  1765,*  in 
which  he  treats  of  the  aphthous  fever  prevailing  in  Moravia 
(1763-64),  and  declares  that  the  milk  of  the  sick  cows  communi- 
cated the  disease  to  dogs,  cats,  and  people  who  made  use  of  it. 
Moreovei',  there  exists  the  important  evidence  of  actual  experi- 
ments upon  man. 

In  the  year  1834,  MM.  Wenberburg,  Tilgner,  and  Lebnard 
observed  several  cases  in  Germany  of  the  transmission  of 
the  disease  by  milk;  and  three  German  veterinarians,  MM. 
Hertwig,  Mann,  and  Villain,  in  order  to  set  the  question 
at  rest,  made  themselves  the  subject  of  experiment.  The  cow 
chosen  was  one  which  had  been  seriously  affected  for  five  or 
six  days.  Each  took  a jhnt  of  the  warm  milk  for  four  con- 
secutive days.  On  the  third  day  from  the  commencement  of  the 
experiment,  M.  Hertwig  shivered,  became  feverish,  and  had  un- 
easy sensations  in  the  skin  of  the  hand  and  between  the  fingers;  by 
the  sixth  day,  counting  from  the  commencement  of  the  symptoms, 
the  mucous  membrane  of  the  mouth  was  swollen  ; by  the  seventh, 
vesicles  had  formed  on  the  edge  of  the  tongue,  the  lips,  and  the 
internal  surface  of  the  cheeks — the  largest  were  about  the  size  of 
a lentil,  they  were  of  a light  yellow  colour,  and  contained  a 
whitish  liquid.  At  the  same  time  vesicles  formed  on  the  hands 
and  fingers.  On  the  eighth  and  ninth  days,  the  vesicles  grew 
larger,  and  on  the  tenth  and  following  days  burst ; the  fever  dis- 
appeared, the  ulcers  dried  up,  and  there  was  desquamation  of  the 
parts  affected  about  the  twenty -fourth  day.  MM.  Mann  and 
Villain  were  similarly  attacked,  but  in  a less  degree.!  But 
these  direct  experiments  are  not  the  only  facts  on  record  show- 
ing the  facility  with  which  the  milk  may  propagate  the  disease 
to  man. 

In  a locality  in  which  there  was  an  aphthous  epizootic,  an  infant 
four  months  old  was  suddenly  seized  with  diarrhoea,  followed  by  an 
eruption  of  vesicles  in  the  inside  of  the  upper  lip.  It  subsisted 

* Lihellus  de  Aphlhis  Pecoria.  Vienna,  17G5. 

t Nouveau  Dictionnaire  de  Medecine  V eterinaire. 
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on  milk  entirely,  and  jnst  previous  to  tlie  attack  had  taken  some 
milk  of  a cow  in  the  incrihation  of  the  disease. In  the  jn’actice  of 
Dr.  Crawford,  Beccles,  Si;fiblk,  over  one  hnndred  cases  of  patients 
suffering  fi'om  vesicular  eruption  of  the  month  and  diarrhoea, 
occurred  synchronously  with  the  prevalence  of  foot  and  mouth 
disease  in  cattle;  several  of  the  patients  were  proved  to  have 
taken  milk  derived  from  diseased  cows.f  Mr.  Fred.  Wallis, 
F.K.C.S.,  communicated  to  Dr.  Thorne  the  remarkahle  instance 
of  thirteen  jiersons  simultaneously  affected  with  ulcers  on  the 
mucous  membrane,  over  the  lips  and  gxuns,  and  underneath  the 
tongaie,  with  enlargement  of  tonsils  and  submaxillary  glands. 
All  these  patients  were  visitors  in  the  country  from  London,  and 
had  drunk  largely  of  milk  which  was  derived  from  a dairy  where 
foot  and  mouth  disease  was  prevailing,  j 

Dr.  T.  Briscoe  has  recorded  a most  severe  case  of  foot  and 
mouth  disease  occurring  in  the  person  of  a farmer’s  daughter. 
There  was  great  salivation,  a peculiar  odour  about  the  breath, 
and  the  tongue  swelled  so  that  it  protruded  from  the  mouth,  and 
suffocation  at  one  time  was  dreaded.  On  the  twenty-seventh  day, 
there  was  ha'moriliage  from  the  tongiie,  and  the  duration  of  the 
disease  altogether  was  thirty-six  days,  during  which  milk  alone 
was  taken.  Dr.  Briscoe  also  alludes  to  milder  cases  which  he 
observed  about  the  same  time  in  children  who  drank  the  milk  of 
diseased  cows.§  Mr.  Charles  Lingen,  Hereford,  has  published  a 
well-marked  case  ot  aphthous  fever  wliich  occurred  in  the  person 
of  a farmer  s child  Avho  habitually  drank  a large  quantity  of  milk; 
the  farmer’s  cows  at  the  time  were  suti'ering  from  foot  and  mouth 
disease.  II 

It  is  probable  that  since  milk,  in  the  making  of  butter  or  cheese, 
is  not  submitted  to  the  temperature  of  boiling  water,  the  con- 
tagion survives  the  process  of  churning  or  of  chcesemaking.  J. 
Schneider,  indeed,  affirms  that  he  has  seen  whole  families  made 
ill  by  the  consumption  of  butter  and  cheese  from  the  milk  of 
infected  cows,^  and  five  cases  of  injury  from  similar  milk  and 
butter  are  related  by  Boulay.** 

The  general  opinion  that  the  infected  milk  after  being  boiled 
is  harnjless,  is  su])ported  by  the  following  incident  :• — “ Toot  and 
mouth  disease  having  been  brought  into  the  commune  of  Morchier 
by  a pig  dealer’,  it  extended  in  a few^  davs  to  a hundred  adult 


* Dr.  Thorne’s  Eeport  on  Foot  and  Month  Disease. 
llc^'ort  of  Mediccd  Ofictr  Iv  the  Pj  ivy  CotmcU. 

+ ^1'-.  T Oi).  ciL 

S Jiril.  Med.  Jcimml,  Tol.  ii.,  1872,  p.  4(54. 

II  Bo'it.  Med.  Journal,  Vol.  ii.,  1870,  p.  20. 

% 11  ensinrjer.  Pathol.  Co'mi>aree,  ii. 

**  liectuil,  t.  i.x.,  sen  5,  p.  051. 
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animals  on  one  side  of  the  village,  and  by  a striking  contrast 
spared  the  calves,  the  reason  being  that  the  proprietors  hatl 
followed  the  advice  given  them,  to  feed  the  latter  with  boiled 
milk  and  water.”* 

§ 21.  Anah/sis  of  Abnorm%l  Milks. — The  analysis  of  abnormal 
milks  should  be  preceded  by  a microscopical  investigation. 
Pus  cells,  epithelium,  and  blood  may  be  readily  recognised  by 
any  person  who  has  made  himself  acquainted  with  the 
characteristics  of  those  bodies.  The  chemical  investigca- 
tion  should  be  specially  directed  to  the  determination  of 
the  relative  quantity  of  albumen  to  caseine  proper,  to  the 
amount  of  chlorine  in  the  ash,  and  to  the  presence  and  amount 
of  urea.  Dr.  Beale  was  the  first  to  observe  that  in  pneumonic 
patients  practically  the  whole  of  the  chlorine  was  withdrawn 
from  the  urine.  It  is,  therefore,  probable  that  in  some  internal 
inflammatory  diseases  of  the  cow  attended  with  exudation,  the 
chlorides  in  the  milk  would  disappear.  This  hypothetical  obser- 
vation, however,  the  writer  has  hitlierto  lacked  opportunity  to 
verify.  Certain  diseases  of  the  kidney  cause  in  milk  an  increase 
of  urea,  and  though  the  presence  of  the  latter  may  be  found  in 
minute  traces  in  normal  milk,  any  quantity  capable  of  deter- 
mination would  be  evidence  of  ill  health. 

The  analysis  of  the  albuminous  principles  having  been  already 
detailed,  there  only  remains  to  describe  the  best  method  for 
separating  and  estimating  urea. 

The  process  is  carried  out  as  follows  : — The  milk  is  precipitated 
by  three  times  its  bulk  of  strong  alcohol,  filtered,  the  coagnlum 
washed  with  alcohol,  the  filtrate  evaporated  at  a moderate  heat 
over  the  water-bath,  and  the  residue  extracted  with  absolute 
alcohol.  This  alcoholic  extract  is  evaporated  at  a gentle  heat, 
the  dry  residue  dissolved  in  water,  and  the  solution  precipitated 
drop  by  drop  by  basic  acetate  of  lead,  so  long  as  a precipitate 
appears.  The  filtered  fluid  is  then  titrated  with  nitrate  of 
mercuiy  solution,  as  in  the  process  devised  by  Liebig,  but  must 
be  prevented  from  getting  too  acid  by  the  cautious  addition  from 
time  to  time  of  a little  soda  solution.  The  precipitate  containing 
the  urea  may  now  be  filtered  off,  washed  with  water,  transferred 
to  a small  retort  or  a flask  with  a latei’al  tube,  and  distilled  two 
or  three  times  to  dryness  with  strong  potash  solution,  Lee  from 
ammonia,  the  ammonia  in  the  distillate  being  estimated  either  by 
titration  or  by  “ diesslerising.”  Or,  instead  of  decomposing  with 
potash,  the  precipitate  may  be  freed  from  mercury  by  SH2,  the 
filtrate  evaporated  nearly  to  dryness,  and  then  transferred  to  a 
tube  with  hydrate  of  baryta  and  a little  chloride  of  barium. 

* Op.  cU.,  p.  C04, 
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The  tube,  hermetically  sealed,  is  heated  in  an  oil-bath  to  200°C., 
from  three  to  four  hours,  and  after  cooling  it  is  opened,  the  result- 
ing carbonate  of  baryta  filtered  olf,  well  washed,  and  ultimately 
decomposed  by  sulphuric  acid,  and  weighed  as  sulphate  of  baryta 
(I-  BaSO^  = 0-2574  urea). 


The  fullowino-  convictions  are  of  interest  : — 

O 

Appeal  case  in  which  the  defence  loas,  that  the  inilh  had  been  deprived  oj 
cream  from  being  xmintentionally  skimmed  by  serving  the  customers. 

This  case  occurred  at  the  Liverpool  Sessions,  and  is  fully  reported  in  the 
“ Analyst,”  1877,  p.  214. 

L)i'.  Campbell  Brown  proved  that  the  milk  was  deprived  of  its  cream, 
the  appellant  affirming  that  the  milk  had  been  put  into  an  eighteen- gal  Ion 
can,  without  the  slightest  sophistication,  and  that  the  cream  had  been  ab- 
stracted by  serving  the  customers. 

The  Eecorder  said,  nobody  would  convince  him  that  a milk  dealer 
could  not,  if  he  liked,  take  care  that  each  of  his  customers  should  get  a fair 
proportion  of  cream.  . . . He  was  perfectly  certain  that  the  milk  had 

not  been  skimmed,  but  that  it  had  been  weakened  by  the  process  of  selling 
to  the  earlier  customers.  He  was  certain  that  when  the  ap»]iellant  sold  the 
milk  to  the  earlier  customers,  he  knew  he  was  abstracting  the  cream  from 
it — not  skimming  the  millc,,  l)ut  abstracting  the  cream,  although  wdtli  no 
fraudulent  intention.  He  was  ef|ually  certain,  too,  that  the  appellant  sold 
the  residuum  of  the  milk,  knowing  that  it  had  been  reduced  to  the  condition 
in  Avhich  it  was  when  he  sold  it.  He  was  quite  satisfied,  therefore,  that  an 
offence  had  been  cominitted  against  the  Act  of  Parliament.  . . . The 

conviction  was  conlirmed. 

The  officials  at  Somerset  House  have,  in  an  apjieal  case  also  declared  their 
belief  in  the  fact  that  milk  on  being  served  from  a can,  in  the  usual  way, 
may  have  the  to]>  layer  of  cream  entirely  abstracted.  The  writer  has 
always  had  doubts  about  this,  for  the  difference  of  specific  gravity  between 
the  cream  and  the  solution  of  the  other  milk  solids  is  not  great,  and  the 
mere  use  of  a dipper  in  serving  the  milk  stirs  it  up  sufficiently  to  render 
this  removal  improbable.  We  have,  however,  at  least  one  definite  expei’i- 
ment  on  this  subject. 

Mr.  Carter  Bell  states,*  “ One  day  in  July  I bought  two  gallons  of  milk, 
and  analysed  it,  and  found  100  cc.  to  have  the  composition  of — 


The  milk  was  put  in  the  cellar,  and  at  every  hour  from  nine  in  the  morniiiff 
till  twelve  o’clock  at  night,  one  pint  of  milk  was  taken  out  at  the  commence- 
ment of  each  hour,  and  a portion  of  each  pint  was  analysed.  In  taking  out 
the  pint,  great  care  was  taken  not  to  stir  the  milk,  the  measure  was 
simply  dipped  into  the  milk  and  taken  out.  The  whole  experiment  was 
conducted  throughout  in  the  favour  of  the  milkman,  and  according  to  these 
experiments  it  is  more  advantageous  for  customers  to  be  late  than  early.” 


^ 22.  Legal  Cases  relative  to  Milk. 


Total  solids,  . 
Pat, 

Solids  not  fat. 


12 -.30 
2-70 
9 00 
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o'clock  in 

the  moruing, 

Total  Solids. 

12-30 

Fat. 

2-70 

9 

) 

9 9 

12-68 

3-08 

10 

J 

9 1 

12-68 

3-08 

11 

) 

9 1 

12-70 

3-10 

12 

J 

9 1 

12-70 

3-10 

1 

p.m.,  . 

12-24 

2-64 

2 

J 5 • 

12-30 

2-70 

3 

)9  • 

12-28 

2-68 

4 

19 

12-88 

3-28 

5 

9 9 

12-80 

3-28 

6 

>9 

12-40 

2-80 

7 

9 9 • 

12-54 

2-94 

8 

9 9 • 

12-30 

2-70 

9 

9 9 

12-48 

2-88 

10 

9 9 • 

12-88 

3-28 

11 

9 1 • 

12-60 

3-00 

12 

9 9 

12-90 

3-30 

Manufacture  of  New  Milh  from  Condensed. 

The  only  interest  of  the  follo'vi’ing  case  lies  in  the  revelation  it  affords  of 
the  tricks  of  the  trade.  A man  was  summoned  by  his  employer,  a dairyman, 
for  adding  dirty  water  to  milk.  The  prisoner  did  not  deny  the  accusation, 
but  cross-examined  the  prosecutor,  to  show  that  the  latter  had  been 
in  the  habit  of  making  his  men,  when  the  milk  ran  shoi’t,  mix  with 
water  a quantity  of  white  stuff  that  was  kept  in  the  cellai’,  and  take  out 
to  the  customers  to  make  good  the  deficiency  in  the  supply  of  good 
milk.  The  process  he  called  the  fahe'”  of  the  trade.  The  pi’osecutor 
admitted  that  he  kept  condensed  milk  to  make  up  the  supply  when  the 
demand  was  too  great,  the  “ white  stuff”  referred  to  by  the  prisoner.* 


Novel  Defence. 

A defence  was  set  up,  in  a Swansea  case,  that  the  poverty  of  the  milk  was 
owing  to  its  having  been  taken  from  a cow  a few  hours  only  after  she  had 
been  milked  dry.  Mr.  Morgan  instituted  experiments  on  this  point.  In 
eighteen  experiments  on  the  same  cow : — f 

Total  solids — 

Highest, 

Lowest, 

Average, 

Fat — 

Highest, 

Lowest, 

Average, 

Solids  not  fat — 

Highest, 

Lowest, 

Average, 

* Analyst,  ii.,  1878,  184. 

+ Proceedings  of  Society  of  Public  Analysts,  i.,  18/6,  p.  19L 
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Conviction  for  selling  “ Fore  ” Milh. 

In  August,  1877,  a dairy  proprietor  of  Dublin  was  y>rosecnted  for  sellinjr 
milk  deprived  of  its  cream.  The  defendant  stated  that  it  was  “ fore  ” milk, 
and  that  he  had  sold  the  “ strippings  ” as  cream.  The  magistrate  expressed 
his  opinion  that  the  milk  should  be  sold  whole,  i.e.,  with  both  “fore”  milk 
and  “ strippings,”  and  fined  the  defendant  £10.* 


Diseased  Milh. 

At  the  Woolwich  Police  Court,  in  December,  1875,  a dairyman  was  con- 
victed and  fined  £20  for  selling  diseased  milk.  Mr.  Wigner,  the  analyst, 
proved  that  the  sample  had  a peculiar  colour,  and  that  it  contained  no  less 
than  13  per  cent,  of  fat,  8'2  solids  not  fat,  and  20  per  cent,  of  blood.  Other 
witnesses  proved  that  the  defendant  had  a number  of  cows,  and  at  least  one 
of  them  was  suffering  from  foot  and  mouth  disease.  There  was  practically 
no  defence,  f 
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IT.— BUTTER. 


§ 23.  Constituents  of  Butter. — In  tlie  manufacture  of  butter,  the 
cream  is  violently  agitated  in  a churn  or  other  suitable  apparatus, 
and  in  this  manner  the  thin  membrane  enclosing  the  fat  globules 
is  ruptured.  The  free  fat  then  coalesces,  entangling  with  it 
some  caseine  and  serum ; the  butter  is  well  pressed  together 
to  free  it  as  much  as  possible  from  moisture,  and  salt  added 
to  assist  its  preservation.  Butter,  therefore,  consists  principally 
of  milk  fat,  with  a small  and  variable  quantity  of  water,  caseine, 
and  ash,  the  latter  consisting  chiefly,  but  not  entirely,  of  the 
salt  added. 

The  ‘^fat"  of  butter  consists  of  a mixture  of  the  glycerides  of 
the  fatty  acids— palmitic,  stearic,  and  oleic — not  soluble  in  Avater; 

I and  also  of  the  glycerides  of  certain  soluble  and  volatile  fatty  acids, 
i principally  butyric,  with  small  quantities  of  caproic,  caprylic,  and 
oapric  acids.  It  is  the  association  of  about  7' 8 per  cent,  of 
the  ti-iglycerides  of  these  volatile  acids  with  the  glycerides  of  the 
insoluble  acids,  which  gives  to  butter  fat  its  peculiar  and  dis- 
tinctive characters. 

Balmitin  or  Tripalmitin,  03115(0^^113^0)303,  is  a white  solid, 
but  little  soluble  in  cold,  easily  soluble  in  hob,  alcohol  or  ether. 
On  cooling  of  the  hot  saturated  solution,  fine  needles  of  palmitin 
readily  separate  out.  The  melting-point  of  palmitin,  as  of  all 
fats,  varies  according  to  the  process  by  which  it  has  been 
separated,  and  aflbrds  at  present  but  little  guide  to  its  identifica- 
tion— melting-points,  36°,  46°,  62°,  and  63°C.,  having  all  been 
given  by  difierent  observers.  On  decomposition  it  yields  95-28 
per  cent,  of  palmitic  acid  (CjgH3202).  Palmitin  occurs  in  most 
fats,  and  especially  those  of  low  fusing  points.  A mixture  of 
stearin  and  palmitin,  Avhich  crystallises  in  little  tufts  of  needles, 
is  the  margarin  of  the  older  Avriters. 

Stearin  or  Tristearin,  C3Hg(  0^311350)303,  in  appearance  re- 
sembles palmitin ; it  melts  at  a higher  temperature  than  other 
! fats,  and  therefore  is  an  especial  constituent  of  the  fats  with  high 
melting-points.  It  is  also  not  so  easily  soluble  in  hot  alcohol  or 
I ether  as  other  fats.  On  the  cooling  of  such  solutions  it  separates 
ordinarily  in  rectangular  tables,  sometimes  in  rhombic  prisms. 
The  melting-point  usually  given  is  63°C.,  but  stearin,  according 
to  the  processes  used,  may  melt  at  66°C.  Tristearin  on  decom- 
position yields  95-73  per  cent,  of  stearic  acid,  Cjgll3g02. 

Olein  or  Triolein,  03X15(0^311330)303,  is  at  ordinary  temperatures 
a colourless  fluid  oil,  solidifying  about  5°0.  It  easily  o.xidises  in 
moist  air,  and  becomes  yellow  in  colour;  it  is  readily  soluble  in 
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absolute  alcohol  or  ether.  Olein  dissolves  copiously  stearin  and 
])almitin.  On  decomposition  it  yields  95 wO  per  cent,  of  oleic 
acid. 

Butyrin,  an  oily  liquid,  yielding  on  decomposition  butyiic 
acid,  has  not  yet  been  separated  in  a pure  state,  and  tiie  same 
remark  applies  to  caproin  and  cap’ylin,  so  that  their  respective 
acids  will  alone  be  described  here. 

Butyric  Acid,  C^HgO^,,  specific  gravity  0'97,  boiling  point 
157°C.  This  acid,  besides  occurring  with  glycerine  in  butter,  is 
found  in  the  locust  bean  (Siliqua  dulcis),  in  the  fruits  of  the 
Saqnndus  saponaria  and  the  Tamarindus  Indica,  in  the  Anthemis 
mobilis,  the  Tanacentum  mdgare.  Arnica  montana,  the  fruit  of  the 
Ginglio.  hiloba,  and  probably  several  other  plants.  So  far  as  is 
known,  it  occurs  in  no  other  fat  than  butter.  Butyric  acid  is 
volatile,  distilling  unchanged;  it  is  soluble  in  all  proportions  in 
water,  alcohol,  and  ether.  Most  of  the  salts  of  butyric  acid  are 
soluble.  Baric  butyrate  ciystallises  in  long  prisms  with  4H2O; 
zincic  butyrate  in  anhydrous,  very  soluble,  pearly  tables;  cu])ric 
butyrate  is  bluish-green,  and  sparingly  soluble.  The  most 
characteristic  salt  is  calcic  butyrate,  which  is  more  soluble  in 
cold  than  in  boiling  water ; consequently,  Avhen  a solution  is 
boiled,  some  of  the  salt  is  precipitated. 

Caproic  Acid,  specific  gravity  of  liquid  0-922,  boil- 

ing point  about  202°C.  This  acid  occurs  not  only  in  butter,  but 
in  cocoa-nut  oil,  in  the  fruit  of  the  Gingko.  biloba,  in  the  flowers 
of  the  Sutyriam  hircinum,  and  in  Arnica  montana,  and  is  probably 
widely  distributed  through  the  vegetable  kingdom.  It  also 
occurs  in  human  sweat  and  in  cheese.  It  is  slightly  soluble  in 
Avater,  is  volatile,  and  maybe  distilled  unchanged.  "The  odour 
is  peculiar,  and  similar  to  that  of  acid  sweat.  The  caproate  of 
baryta  is  soluble  in  Avater;  the  caproate  of  siB’er  is  sparingly 
soluble  in  AAuiter. 

Caprylic  Acid,  Cgllj^Og,  fusing  point  58°C.,  boiling  point 
236^0.  This  acid  becomes  solid  at  about  12°C. ; it  is  usually 
accompanied  by  rutic  acid.  The  caprylate  of  barium  is  moi-e 
soluble  than  the  rutate,  and  the  two  may  be  more  or  less  com- 
pletely separated  by  fractional  precipitation.  It  may  be  di.ssolved 
in  boiling  Avater,  but  its  solubility  is  not  great. 

Butic  or  Caqn'ic  Acid,  is  a Avhite  crystalline  body, 

fusing  at  29-5  to  30°C. ; it  is  sfiglitly  soluble  in  Avater,  and  easily 
soluble  in  alcohol  and  ether.  It  occurs  in  butter,  cocoa-nut  oil, 
cod-liver  oil,  and  the  fousel  oils  obtained  by  fermentation. 

The  exact  proportion  of  all  these  different  principles  in  butter 
fat,  it  is  at  present  impossible  to  determine  Avith  accuracy.  The 
general  composition  of  butter  fat,  however,  appears  to  be 
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Glycerides  Equal  to  Fatty  Acids, 


Olein, 

42 '21  = Oleic  Acid, 

40-40 

Stearin  and  ) 
Palmitin,  \ 

50-00  - jStearic  and  Pal- 

\ mitic  Acids,  . 

47  ’OO 

87-00  Total  insoluble  solids. 

Butyrin, 

7 'GO  = Butyric  Acid,  . 

6-72 

Caproin,  . 1 

Caprylin,  and 

( Caproic,  . 

’10  = < Cajirylic  andEutic 

.tvutiii,  . ) 

( Acids,  , 

9 

100-00  = 

94 -o2  Total  acids,  calcu- 

lating  soluble  as 
butyric. 

Pure,  dry  butter  fat,  melted  at  a heat 

not  exceeding  100°F., 

lias  at  that  teraperatuve  a specific  gravity  ranging  from  ’91200 
to  ’91400;  its  fusing  point,  taken  in  the  manner  to  be  described, 
ranges  from  33 ’9°  to  3G’5°C. 

The  relative  proportions  of  fat,  caseine,  and  salt,  in  genuine 
butters,  may  be  gathered  from  the  following  table,  in  which  it  is 
seen  that  the  butter  fat  ranges  from  about  82  to  nearly  87’5,  the 
average  given  by  Angell  and  Hehner  being  85 ’45  per  cent. 


Fat,  .... 
Curd,  . . . 

Salt  (Ash), 
Water,  . . . 

Normandy 
Butter. 
Antjell  and 
Ilolmer. 

A Sample  of 
Fi’SkIi  Butter. 
Ansel  1 and 
Hehner. 

Butter  from 
Isle  of  Wight. 
Angell  and 
Hehner. 

Butter  from 
Guildford. 
Angell  and 
Hehner. 

Butter  from 
Winchester. 
Angell  and 
Hehner. 

82-64.3 

5-1.37 

2-015 

0-305 

83-871 

2-721 

0-4-24 

12-984 

84-740 
3-4G2 
2-080 
9 -709 

85-480 

2- 789 

3- 151 
8-580 

87-223 

2-054 

2-108 

8-G15 

§ 24.  Analysis  of  Butter. 

The  analysis  of  butter  naturally  divides  itself  into — (1.)  The 
general  examination  and  anal^'sis,  and,  (2.)  The  investigation  of 
the  fat. 

1.  The  General  Examination  and  Analysis  of  Butter. — The 
colour,  taste,  and  odour  of  the  sample  should,  of  course,  be 
noted.  It  will  also  be  found  useful  to  examine  it  in  thin 
layers  microscopically.  If  it  has  been  mixed  by  fusion  with  any 
fat,  and  cooled  slowly,  crystals  may  be  discovered.  The  best  way 
to  seek  these  crystals  is  to  place  a minute  portion  of  the  fat  on  a 
slide,  add  a drop  of  castor  or  olive  oil,  press  the  thin  disc  of 
covering  glass  so  as  to  get  a very  thin  layer,  and  examine  by 
])olarised  light.  Under  such  circumstances,  if  crystals  should  be 
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present,  there  will  he  seen  dai’k  crosses  similar  to  those  in 
potato  starch.  Such  ciystals  are  suspicious,  because  they  show 
that  the  butter  has  been  melted;  and  it  certainly  must  be  a most 
unusual  process  to  melt  butter  save  for  the  purpose  of  mixing 
with  other  fats.  The  rare  adulteration  of  any  other  substance, 
such  as  starches,  &c.,  by  mechanical  admixture,  cannot  fail  to  be 
detected  by  the  microscope. 

The  genei-al  analysis  is  performed  best  by  weighing  10  to  20 
grms.  of  the  butter  into  a counterpoised  porcelain  dish,  melting 
it  over  a low  gas  flame,  and  keeping  it  at  any  temperatui'e 
between  105°C.  and  110°C.,  with  constant  Stirling,  until  all 
effervescence  has  ceased.  (By  using  a thermometer  as  a stirrei’, 
this  is  easily  effected.)  The  weighing  of  the  dish  and  its  contents 
when  cool,  subtracted  from  the  first  weight,  gives  the  loss  equal- 
ling the  water,  and  it  may  be  worked  into  percentage. 

The  above  method  has  the  merit  of  expedition,  and  it  is 
tolerably  accurate;  but  the  water  may  also  be  estimated  by 
placing  about  1 grm.  of  the  butter  fat  in  a large  platinum  dish, 
so  that  the  fat  forms  a thin  layer,  and  then  exposing  to  the  heat 
of  the  water-bath  until  it  ceases  to  lose  weight.  The  fat  is  next 
melted  from  the  curd  and  salt  (both  of  which  settle  to  the 
bottom),  and  is  poured  off  as  far  as  possible,  the  residue  being 
thoroughly  exhausted  by  boiling  benzine,  ether,  or  petroleum, 
which  can  be  eftected,  if  care  is  taken,  in  the  same  dish  without 
transference  to  a filter.  On  now  weighing,  the  loss  equals  the 
fat.  Lastly,  the  curd  is  burnt  away  at  a low  red  heat,  and  the 
ash  weighed. 

The  general  analysis  finished,  it  remains  to  consider  the 
results : — 

(1.)  Fat.—H\ve  fat  should  not  be  below  80  per  cent. ; any 
figure  under  this  should  justly  be  considered  evidence  of  adul- 
teration. 

(2.)  Tracer.  — There  is  no  standard  followed  or  fixed  with 
regard  to  the  percentage  of  water.  In  those  cases  in  which  the 
fat  is  below  80  per  cent.,  the  deficiency  of  fat  is  usually  from 
excess  of  water;  and  seeing  the  variable  quantity  of  water  found 
in  butter,  it  is  wisest  not  to  certify  on  the  ground  of  water  alone, 
unless  there  is  sufficient  to  lower  the  percentage  of  fat  below  80 
per  cent. 

(3.)  Caseine. — The  average  quantity  of  caseine  is  2-5  per  cent., 
but  it  may  reach  G to  7 per  cent.,  and  the  higher  the  percentage 
of  caseine  the  less  likely  is  a butter  to  keep,  although  this  usually 
is  evidence  of  error  in  the  manufacture  rather  than  of  adul- 
teration. 

(4.)  The  Ash. — This  should  consist  of  common  salt  and  phos- 
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pliate  of  linie.  Butter  is  said  to  be  adulterated  occasionally  witli 
sodium  silicate,  and  therefore  the  ash  should  be  fused  with  sodic 
carbonate,  dissolved  in  hydrochloric  acid,  evaporated  to  dryness, 
and  dissolved  in  water.  Aii}^  residue  will  consist  of  silica.  If 
other  mineral  adulteration  is  suspected,  a complete  analysis  of 
the  ash  may  be  necessary  (see  p.  5).  There  is  no  definite 
standard  fixed  with  regard  to  the  weight  of  the  ash.  Angell 
; and  Hehner  consider  that  it  should  not  exceed  8 per  cent.,  with 
which  most  analysts  agree. 

The  following  are  a few  examples  of  adulterated  butters,  the 
adulteration  being  detected  simply  from  the  proximate  analysis : — 


Devon  Butter. 

Devon  Butter. 

A Sample  of 
Butter. 
Angell  and 
Helmer. 

A Sample  of 
Butter. 
Angell  and 
Hehner. 

Fat, 

78 -oO 

76-34 

67-580 

47-019 

Caseiue,  . . . 

1-72 

C-60 

6-880 

7-854 

Water,  .... 

17-10 

13 -.36 

23-981 

42-358 

> • • • 

2-68 

3-70 

1-559 

2-689 

2.  Examination  and  Analysis  of  the  Fat. — By  far  the  most 
i important  process  in  butter  analysis  is  the  examination  of 
I the  fat.  The  data  by  which  the  analyst  judges  whether  a 
I butter  consists  of  foreign  fats  entirely  or  partly,  are  derived 
I from — (a.)  The  melting-point;  (6.)  the  specific  gravity;  (c.)  the 
; relative  proportion  of  the  soluble  and  insoluble  fatty  acids. 

I To  take  any  or  all  of  these,  the  first  requisite  is  a pure  dry 

I fat.  This  is  easily  accomplished  by  melting  a sufhcient  quantity 
of  the  butter  over  the  water-bath.  In  a short  time  the  water, 

! curd,  and  salt,  sink  to  the  bottom,  and  the  nearly  pure  fat  can  be 
poured  off.  Should  it  not  be  clear,  it  must  be  filtered  through 
filtering  paper  or  glass-wool.  This  operation  will  necessitate 
the  filter  being  kept  warm  in  a suitable  steam-jacket. 

{a.)  The  Melting-Point.— Yz^x'iovi^  methods  have  been  proposed 
for  tlie  determination  of  the  melting-points  of  fats.  The  one 
used  by  most  analysts  is  to  take  the  melting-point  in  a fine  tube. 
A piece  of  quill-tubing  is  drawn  out,  so  as  to  make  a tube  about 
tlie  diameter  of  a knitting  needle,  and  from  two  to  three  inches 
in  length.  The  fat  is  now  drawn  up  to  the  extent  of  about  an 
inch,  and  permitted  to  solidify.  The  tube  thus  charged  is  placed 
in  some  cold  water  in  a small  beaker,  which  is  “ nested  ” in  a 
second  beaker,  a little  water  being  between  the  two,  the  inner 
beaker  carrying  also  a thermometer.  Ileat  is  now  applied,  and 
the  moment  the  fat  runs  up  the  tube  the  temperature  is  noted. 
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It  is  unnecessary  to  add  that  the  more  slowly  the  temperatni’e 
is  raised,  the  more  accurate  will  he  the  observation.  Tliis  simple 
method  is  easy  of  execution,  and  can  hardly  be  improved  upon. 

Another  method  is  the  employment  of  a little  bulb  weighted 
with  mercury,  so  as  to  weigh  from  3 to  4 gnus.;  the  bulb 
rests  on  the  surface  of  the  fat  in  a test  tube,  which  is  im- 
mersed in  a beaker  of  water  provided  with  a thermometer,  and 
the  moment  the  bulb  sinks  is  noted.  A modification  of  this  is 
the  employment  of  a light  float  sunk  to  the  bottom  of  the  fat, 
and  retained  there  until  it  is  solid  ; on  now  applying  heat,  the 
float  rises  at  a certain  tempei’ature,  Avhich  is  taken  as  the  melting- 
point.  The  melting-point  of  various  fats  is  as  follows  : — 


Butterine, 

. 31 -ST. 

Cocoa  Butter, 

. 34 -OX'. 

Butter  (average),  . 

. 35  SX. 

Beef-Dripping, 

. 43 -SX'. 

Veal-Dripping, 

. 47 -7X. 

Mixed, 

. 42 -GX. 

Lard,  from  . 

. 42X.  to  45X. 

Ox-Fat,  from  about 

. 4S°C.  to  53-0“C. 

Mutton -Fat,  from  about 

. 50X.  to  51-GX. 

Tallow, 

. 53-3°C. 

It  hence  follows  that  a low  melting-point  indicates  the  probable 
presence  of  butterine,  which  is  partly  manufirctured  from  a con- 
crete oil,  obtained  from  the  seeds  of  Garcinia  Indica,  and  is  known 
under  the  name  of  INIangosteen  oil,  or  kokum  butter.  A higher 
melting-point  indicates  as  a probable  adulterant,  dripping,  lard, 
or  other  animal  fat. 

(&.)  Specific  Gravity. ~Y\\q  method  of  obtaining  the  specifle 
gravity  of  butter  fat  is  to  fill  a counterpoised  specific  gravity 
bottle,  provided  with  a thermometer  stopper,  of  50  to  100  grins, 
capacity,  with  water  of  35°C.  (95°F.),  and  immerse  it  in  a beaker 
of  water  of  about  43°C.  (109-4°F.)  By  thus  heating  the  specific 
gravity  bottle  by  a liquid  whicli  is  falling  in  temperature,  the 
water  in  it  can  be  lirought  exactly  to  37-7^0.  (100°F.),  at  whicli 
temperature  the  bottle  is  taken  out,  slightly  cooled  and  wei<^hed  ; 
and  in  this  manner  the  weight  of  that  particular  bulk  of  water 
at  37-7°C.  (100°F.)  is  obtained,  and  this  value  used  for  the  subse- 
f[uent  operations.  To  take  the  specific  gravity  of  the  fat  the 
inire  filtered  fat,  at  35°C.  (95°F.),  is  poured  into  the  clean  dry 
bottle,  and  the  exact  process  just  detailed  followed. 

The  specific  gravity,  as  first  pointed  out  by  Mr.  Bell,  of  Somer- 
set House,  has  a direct  relation  or  correspondence  to  the  per- 
centage of  insoluble  acids,  a fact,  it  must  be  remembered,  only 
applicable  to  pure  iinadulteiated  butter  fat.  Thus — 


§21.] 


BUTTEE. 


73 


in'*  Gravitv  at 

Actual  Insolublo 
Acids  Found. 

Per  Cent. 

•91382 

87-47 

•91,346 

87-89 

•91337 

. 87-98 

•91290 

88-48 

•91286 

88-52 

•91276 

88-62 

•91258 

88-80 

•91246 

89-00* 

The  fats  used  for  the  adulteration  of  biitter  are  of  low  density. 
Vegetable  butterine  has  a specific  gravity  ’90294;  dripping, 
*90659  ; so  that  a low  specific  gravity — that  is,  anything  below 
•91101 — is  strongly  indicative  of  foreign  fat. 

Instead  of  the  above  method,  which  requires  a considerable 
quantity  of  material,  the  density  may  be  approximately  taken  by 
the  well-known  specific  gravity  bubbles,  a process  which  we  owe 
to  Mr.  Wigner.  If  the  butter  fat  be  placed  in  a wide  test-tube, 
and  a bubble  of  the  specific  gravity,  say  of  -896,  be  kept  just 
beneath  the  surface  by  a thermometer  passing  through  a cork  in 
the  mouth  of  the  tube,  at  a certain  temperature  the  bubble  will 
slowly  sink  to  the  bottom.  In  butters  of  ’911  density,  above 
which  a samjde  may  be  jmssed,  beads  will  sink  as  follows  : — 

Specific  gravitv  of  beads,  ’8890  -8896 

Temperature,  ^ . . 145°F.  (G2’7°C.)  132°F.  (55’5°C.) 

If  the  bead  sinks  at  any  temperature  lower  than  these,  the 
butter  will  need  further  examination  by  actual  determination  of 
the  fatty  acids.  As  a guide  to  the  gravity,  it  may  be  assumed 
that  a difference  of  one  degree  in  the  sinking  temperature  indi- 
cates ’30  actual  density,  equal  to  about  ’35  per  cent,  fixtty  acids, 
and  nearly  5 per  cent,  of  foreign  fats.f 

(c.)  27ie  DecoDi'position  of  the,  Fat  into  Fatty  jicids  and  Glycerine. 
— This  is  effected  by  saponifying  with  an  alcoholic  solution  of 
potasli,  decomposing  the  soap  with  sulphuric  acid,  washing  the 
subsequent  fatty  acids  with  water,  titrating  the  soluble,  and 
weighing  the  insoluble  acids.  The  details  of  the  process  have 
been  so  simplified  by  successive  improvements,  that  what  was 

* Muter,  Analyst,  i.,  p.  7,  1877. 

f A method  of  taking  the  specific  gravity  of  fats  recommended  by  Mr. 
Estcourt  {Chem.  News,  Vol.  xxxiv.,  p.  254)  deserves  notice.  The  bulb  of  a 
AVestphal’s  balance  is  suspended  in  a test-tube  containing  the  fat,  the  test- 
tube  itself  is  immersed  in  a metal  tube  containing  paraffin,  and  itself  secured 
in  a water-bath  ; when  the  paraffin-bath  shows  a temperature  of  92'2‘^C. 
(206‘^F.),  the  weights  are  adjusted. 
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formerly  a tedious  and  even  difficult  operation,  is  now  moderately 
sjieedy  and  simple.  The  solutions  requisite  are  as  follows  : — * 

(1.)  Approximately  semi-normal  alcoholic  potash  solution, 
28  grms.,  roughly  weighed,  of  KHO,  dissolved  to  a litre  with 
alcohol ; specific  gravity  ‘840. 

(2.)  Approximately  semi-normal  sulphuric  acid,  i.e.,  25  grms. 
of  the  strong  acid  to  the  litre. 

(3.)  Deci-normal  soda  solution  of  exact  strength,  most  con- 
veniently made  by  dissolving  metallic  sodium  in  water,  in  the 
exact  proportion  of  2 '3  grms.  to  the  litre.  [1  cc.  equals  "0088 
of  butyric  acid.] 

It  is  necessary  to  know  with  the  greatest  exactitude  the  rela- 
tionship  between  the  potash  and  the  sulphuric  acid  solution  ; the 
exact  quantity  of  alcoholic  potash  that  is  to  be  used  in  the  analysis 
is  delivered  from  a 2-5  cc.  or  50  cc.  pipette,  as  the  case  may 
be,  litmus  or  cochineal  solution  added,  and  then  titrated  by  the 
acid.  It  is  also  necessary  to  know  the  relationship  between  the 
d.  n.  soda  and  the  sulphuric  acid,  which  must  also  be  found  in 
the  usual  way.  4 to  5 grms.  of  the  pure  dry  fat  are  weighed  by 
difference  into  a flask,  and  50  cc.  of  potash  solution  added;  the 
flask,  closed  by  a glass  marble,  is  now  heated  on  the  top  of  the 

water  oven,  and  by  occasionally 
giving  it  a rotatory  motion,  saponi- 
fication is  complete  under  the  hour 
at  the  low  temperature  of  50°C. 

The  author  does  not  himself  fol- 
low the  above  process,  but  uses  the 
strong  small  assay  flasks  recom- 
mended by  Dr.  Dupre.  These  flasks 
are  of  about  70  cc.  capacity,  and 
with  rather  long  narrow  necks,  the 
whole  capable  of  beai’ing  consider- 
able pressure.  4 to  5 grms.  of  the 
fat  are  poured  into  such  a flask,  25 
cc.  of  potash  solution  added,  well 
corked  with  a caoutchouc  stopper, 
which  must  be  secured  by  string  and 
strong  linen  or  canvas,  and  then  the 
flask  suspended  in  the  boiling  water 
of  a water-bath.  At  the  end  of  an 
Fig.  3.  oi'  less  it  may  be  taken  out 

completely  saponified. f When  cool ' 
the  flask  is  opened,  the  soap  gently  melted  and  poured  into 
* “Butter  Fat,”  by  E.  W.  Jones,  F.C.S.  Anahjst,  May,  1877. 
i-  The  reason  for  preferring  tlii.s  method  is,  that  less  potash  is  Squired. 
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a flask  of  about  500  cc,  capacity,  having  a long,  rather 
narrow  neck  (see  Fig.  3).  which  can  carry  the  tubes  a and 
b — the  tube  a for  the  admission  of  air,  the  tube  b furnished 
with  a stopcock.  In  this  flask  the  soap  is  decomposed  by  adding 
abovit  1 cc,  more  sulphuric  acid  than  is  necessary  to  neutralise 
the  potash;  if,  for  example,  the  latter  is  neutralised  by  25  cc, 
soap,  the  fatty  acids  melt  and  form  a layer  on  the  surface  of  the 
acid  water.  At  this  point  the  whole  may  be  diluted  with  warm 
water  up  to  200  cc,  or  300  cc.,  the  cork  carrying  the  tubes 
inverted  and  the  flask  turned  upside  down,  as  represented  in 
the  fisrure.  After  standing  a few  hours  the  cake  is  more  or  less 
solid,  and  the  lower  stratum  of  liquid  may  be  run  ofi*  almost 
clear.  It  will,  however,  always  be  safest  to  pass  it  through  a 
filter.  By  adapting  an  india-rubber  tube  to  a,  warm  water  may 
be  sucked  up  through  b,  and  the  fat  washed  in  the  flask  (perfectly 
closed  by  pinching  the  india-rubber) , and  then  the  cake  allowed 
to  form  as  before.  The  fluid  is  now  again  run  off  from  the  solid, 
and  this  time  cold  water  may  be  sucked  up  through  a,  and  the 
whole  process  of  alternations  of  hot  and  cold  water  repeated. 
Lastly,  the  cork  with  its  tubes  is  removed,  any  adherent  fat 
washed  off  with  warm  water  into  the  flask,  the  latter  adapted  either 
to  an  ujiright  Liebig’s  condenser  and  boiled,  or  connected  in  the 
usual  way  with  a Liebig,  the  latter  having  as  a receiver  a flask, 
adjusted  by  a cork  tiglitly  to  the  bent  tube  of  the  condenser,  and 
furnished  Avith  a mercury  valve,  the  Avhole  forming  a closed 
system.  In  the  latter  case  also,  the  heat  is  applied  to  boiling 
for  five  or  ten  minutes,  and  the  distillate  added  to  the  filtrates ; 
lastly,  the  cork  witli  tubes  is  again  connected,  the  flask  inverted, 
the  liquid  Avhen  cool  run  off,  and  the  fat  finally  washed  with  a 
little  cold  water  and  allowed  to  drain. 

The  watery  liquid  contains  sulplnudc  acid,  sul]:)hate  of  potash, 
alcohol,  butyric,  and  the  other  soluble  fatty  acids;  it  will  be  in 
bulk  from  600  to  700  cc.,  and  may  be  made  up  to  any  definite 
quantity.  In  any  case,  a portion  of  it — a quarter,  a fifth,  or  even 
a tenth — must  be  taken  and  titrated  with  d.  n.  soda,  which, 
when  the  quantity  required  to  neutralise  the  1 cc.  of  sulphtxric 
acid  in  excess  is  subtracted,  indicates  the  amount  of  soluble  acid, 
and  is  always  returned  as  butyric,  which  is  near  enough  to  the 
truth. 

Instead  of  this  metliod  it  may  be  useful  to  titrate  the  acid 
liquid,  distil  until  all  the  volatile  acid  which  can  be  obtained  has 
gone  over,  and  then  titrate  the  distillate.  It  is  also  possible  to 
separate  in  great  measure  the  volatile  fatty'  acids  from  such  a 
solution  by  shaking  up  Avith  ether,  the  latter  dissolving  the  acids 
freely^. 
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The  insoluble  fatty  acids  remaining  partly  in  the  flask,  with  a 
trace  on  the  filter,  are  now  united  in  a flat  porcelain  dish.  This 
is  done  by  melting  the  acids  in  the  flask,  ponring  off,  and  extract- 
ing by  alcohol  and  ether — the  same  solvent  also  dissolving  the 
acids  from  the  filter.  On  evaporation  of  the  alcohol  and  ether, 
one  or  two  large  bubbles  of  water  may  be  formed  in  the  acids, 
and  it  is  best  to  add  a few  drops  of  absolute  alcohol.  The  dish 
is  now  placed  on  the  top  of  the  water-bath  (the  water  in  which 
should  only  boil  gently),  and  weighed  at  short  intervals  j if  after 
twenty  minutes  only  1 or  2 mgrms.  are  lost,  the  weight  is 
considered  constant. 

The  insoluble  fatty  acids  are,  as  already  stated,  oleic,  palmitic, 
and  stearic — it  is  their  total  weight  which  is  aloue  valuable,  and 
to  separate  the  three  with  accuracy  is  not  easily  effected.  The 
first  can,  however,  be  very  readily  isolated  by  the  following 
process,  the  details  of  which  have  been  worked  out  by  Dr.  Mutei’. 
The  process  depends  upon  the  well-known  fact  that  the  oleate  of 
lead,  Pb2C\gH3302,  can  be  separated  from  plumbic  palmitate, 
Pb2C^(;IT3;^02,  and  plumbic  stearate,  Pb2CjgH3gO.„  by  taking 
advantage  of  the  sohibility  of  the  former  in  ether. 

About  1 grin,  of  the  fatty  acids  is  combined  witli  potash,  and 
the  solution  well  diluted  with  boiling  water,  and  carefully  treated 
with  acetic  acid  added  to  the  boiling  solution  until  a permanent 
turbidity  is  produced  ; solution  of  potash  is  now  dropped  in  with 
constant  stirring,  until  the  liquid  just  clears  again.  The  solution 
is  now  precipitated  by  plumbic  acetate  in  slight  excess,  and 
is  stirred  until  the  precipitated  soap  settles  thoroughly.  The 
supernatant  liquid  is  poured  off,  and  the  soap  once  Avashed  by 
boiling  with  a large  volume  of  water  and  decanting  ; plumbic 
oleate,  palmitate,  and  stearate  are  thus  obtained  as  perfectly 
neutral  salts,  the  fir.st  being  soluble  in  ether,  the  last  two  quite 
insoluble.  The  lead  soap  is  now  transferred  to  a flask  of  100  cc. 
capacity,  and  the  ]>lumbic  oleate  dissolved  out  by  ether,  the 
ethereal  solution  being  passed  through  a filter.  The  end  of  the 
process  is  known  by  the  washings  ceasing  to  blacken  ammonium 
hydrosulphide.  The  filtrate  and  the  washings  should  not  exceed 
200  cc.,  a fractional  portion  of  which  may  be  evaimrated  to 
dryness  in  a platinum  dish,  and  weighed  as  plumbic  oleate.  To 
ensure  perfect  accuracy,  the  remainder  should  bo  ignited  and 
weighed  as  rb-f-PbO;  the  residue  treated  with  acetic  acid  to 
take  Up  the  PbO,  and  the  residual  Pb  calculated  to  PbO.  Bv 
deducting  the  weight  of  plumbic  oxide  thus  obtained  from  the 
total  plumbic  oleate,  and  allowing  for  the  hydrogen  displaced, 
the  oleic  acid  is  obtained. 

Dr.  IMuter  recommends,  however,  an  easier  metliod.  This 
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requires  a long  graduated  tube  of  250  cc.,  having  a well-ground 
stopper  and  a stopcock,  which  is  placed  at  60  cc.  from  the 
bottom.  The  ethereal  solution  is  placed  in  this,  the  soap  decom- 
posed by  hydrochloric  acid  [1:2];  and  (when  the  chloride  of 
lead  is  fully  settled)  a known  quantity  of  the  supernatant  ethereal 
solution  drawn  ofi',  evaporated,  and  weighed  as  oleic  acid. 

In  the  majority  of  adulterated  butters,  the  specific  gravity,  the 
melting-point,  and  the  fatty  acids  are  all  widely  different  from  that 
of  genuine  butter,  so  that  there  is  no  room  for  doubt.  Occa- 
sionally, however,  a butter  may  be  met  with  in  which  a small 
proportion  only  of  foreign  fat  has  been  used,  and  in  such  a case 
the  analysis  must  be  repeated  several  times  lest  a mistake  be  made. 
Of  all  the  above  determinations,  the  percentage  of  insoluble 
and  soluble  fatty  acids  is  of  the  greatest  importance.  A marked 
deficiency  or  complete  absence  of  soluble,  and  an  increase  of 
insoluble,  are  the  characteristic  features  of  fats  other  than  butter. 

The  following  are  a few  examples  of  percentages  of  fatty  acids 
found  in  genuine  butters  : — 


(1.) 

(2.) 

(3.) 

(L) 

Soluble, 

5-92 

5 -76 

.5-37 

4-77 

Insoluble, 

87 ’80 

88-10 

87-68 

88-44 

93-78 

93 -8C 

93-05 

93-21 

It  is  generally  accepted  that  88  per  cent,  of  insoluble  acids,  if 
associated  with  6 ‘3  of  soluble  acids,  is  a fair  standard  of  butter 
calculation,  and  that  if  a butter  shows  anything  less  than  89  "O 
insoluble,  with  5 soluble,  it  may  be  ])assed  as  genuine.'*' 

A few  examples  of  adulterated  butter  fat  are  as  follows  : — ■ 


(b) 

(2.) 

(3.) 

A Commercial 

A Coiumercial 

Buttei'. 

Butter. 

Butteriue. 

Soluble, 

1-98 

2-34 

-58 

lu  soluble, 

93-30 

93-82 

95  -51 

95-28 

96-16 

96-9 
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III.— CHEESE. 

§ 25.  Constituents  of  Cheese. — Cheese  consists  essentially  of  the 
coagulated  albuminous  mattei’S  of  milk,  and  especially  of  caseine, 
with  a variable  quantity  of  fat,  common  salt,  alkaline,  and  earthy 
phosphates.  It  may  be  made  from  the  milk  of  any  mammal, 
but  the  great  majority  of  cheeses  in  commerce  are  made  from 
cows’  milk. 

The  different  varieties  of  cheese  depend  upon  the  processes 
employed,  and  also  upon  the  proportion  of  cream  left  in,  or  added 
to,  the  milk — the  poorest  horny  skim-cheeses,  with  regard  to  per- 
centage of  fat,  being  at  one  end  of  the  scale,  and  cream-cheese, 
made  entirely  of  cream,  at  the  other.  The  chief  commercial 
cheeses  are  as  follows  : — 

A merican  Cheeses,  made  from  unskimmed  milk,  and  of  extremely 
uniform  quality.  The  general  composition  of  two  fine-flavoured 
Americans,  sold  at  9d.  per  lb.,  the  author  found  to  be — 


(b) 

(2.) 

Water,  ..... 

22-59 

31-80 

Fat,  ..... 

35-41 

28-70 

Caseine,  ..... 
. 1 \ Soluble  in  water,  1'19  ) 
i Insoluble,  3-Gli 

37-20 

1-131 

36-00 

4-80 

2-37) 

3-50 

NaCl  in  Soluble  Ash, 

1-08 

1-01 

Phosphate  of  Lime  in  Insoluble  Ash, 

2 21 

2-37 

Cheddar  Cheese  is  made  with  entire 

milk  ; the 

cheeses 

usually  thick,  and  weigh  up  to  200  lbs.  each.  Two  sound,  good- 
flavoured  Cheddars,  sold  at  lid.  per  lb.,  had  the  following  coui- 
2)osition  ; — 


Water, 

(1.) 

27-83 

(2.) 

28-34 

Fat,  ...... 

24-04 

21-01 

Caseine,  ..... 

44-47 

47-03 

. , J Soluble  in  water,  1-141 
* ^ t Insoluble,  2-52) 

3-66 

1- 14\ 

2- 48) 

3-62 

NaCl  in  Soluble  Ash, 

1-04 

1-14 

Phosphate  of  Lime  in  Insoluble  Ash, 

1-52 

1-69 

Cream  Cheese  is  made  entirely  of  cream. 
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DunloiJ  Cheese  is  made  witli  entire  milk,  and  is  not  dissimilar  iji 
general  composition  to  American  cheeses.  A sample  examined 
by  Johnstone  had  the  following  composition  : — 


Water, 

Fat, 

Caseine, 

Ash, 


Per  cent, 

38-46 

31-86 

25-87 

3-81 


Gloucester  Cheese. — Two  varieties  of  Gloucester  cheese  exist  in 
commerce,  single  Gloucester  and  double  Gloucester — the  only 
difference  between  the  two  being  that  the  latter  is  richer  than 
the  foi-mer,  single  Gloucester  being  made  from  a mixture  of 
skimmed  and  entire  milk,  double  Gloucester  from  entire  milk. 
A single  Gloucester,  sold  at  9d.  per  lb.,  of  good  flavour,  and  free 
from  mould,  had  the  following  composition  : — 


Water, 

Fat, 

Caseine, 

Ash, 


Per  cent. 
21-41 
25-38 
49-12 
4-09 


All  analysis  by  Johnstone  of  a double  Gloucester  is  as  follows: — 


Water, 

Fat, 

Caseine, 

Ash, 


Per  cent, 
35-82 
21-97 
37-96 
4-25 


Notwithstanding  that  in  the  single  the  fat  was  25  per  cent.,  in 
the  double  but  21  per  cent.,  the  latter  is  really  richer  than  the 
former,  if  the  water  be  subtracted,  and  the  percentage  be  taken 
on  the  dry  substance ; or  if  the  proportion  of  the  fat  to  the 
caseine  be  considered — in  the  double  the  fat  being  to  the  caseine 
as  10  : 17,  in  the  single  as  10:19. 

Parmesan  G/ieese.— This  is  a peculiar  cheese,  never  made  in  this 
country,  but  imported  from  Parma  and  elsewhere.  The  essential 
points  in  the  manufacture  are,  that  the  rennet  is  lieated  to  about 
120°F.,  and  an  hour  afterwards  the  milk  set  over  a slow  fire 
until  heated  to  about  150°P.  These  operations  cause  the  curd 
to  separate  in  hard  lumps.  It  is  usually  coloured  Avith  saffron. 
The  outer  crust  of  the  cheese  at  the  end  of  fourteen  days  is  cut 
off',  the  new  surface  varnished  with  linseed  oil,  and  one  side 
coloured  red.  It  is  a very  dry  cheese,  with  a large  amount  of 
caseine,  and  only  a moderate  percentage  of  fat.  A Parmesan 
analysed  by  Payen  gave — 
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Per  cent. 

Casciue,  ......  44 'OS 

Fat 15-95 

Salts,  , . . ...  . . 5 ’72 

AVater,  ......  27 '55 

2s  oii-nitrogenous  matter,  (Itc.,  . . G'CO 


2'he  Roquefort  Cheese  is  a very  celebrated  French  cheese,  largely 
eaten  on  the  Continent.  It  is  not  made  from  cows’  milk,  but 
from  that  of  the  esve.  A fresh  Roquefort,  analysed  by  Blondeau,* 
had  the  following  composition  : — 


Per  cent. 

Caseine,  ......  85 '43 

Fat 1-85 

Lactic  acid,  . . . . . . 0-88 

"Water, 1 1 '84 


The  same  cheese,  in  the  condition  most  highly  prized  (after  it 
had  been  kept  two  months  in  a cold  cellar),  had  the  following 
composition  ; — 


Caseine, 

loiSr™’’  : 

Butyric  Acid, 
Chloride  of  Sodium, 
Water,  . 


Per  cent. 

. 43-28 

18-30* 

14-00)  3-2 -.30 
0-67 
4-45 
. 19-30 


Roquefort  cheese  is  usually  coloured  with  reddle  or  arnatto. 
The  manufacturers  of  these  cheeses  attach  great  importance  to 
their  being  kept  at  a rather  low  and  uniform  temperature  during 
the  ripening  process.  The  most  famous  cellars  are  subterraneous 
mountain-caves,  kept  constantly  cool  (at  about  41°  to  42°F.) 
hy  currents  of  air  coming  through  clefts  and  grottoes.  The  com- 
mercial value  of  these  cellars  is  directly  proportionate  to  tlieir 
uniforniity  of  temperature. 

CiUm  Cheese. — The  quality  of  skim  cheese  depends  upon  the 
amount  of  fot  it  contains.  A cheese  which  shows  under  5 per 
cent,  of  fat  may  with  proi)riety  be  called  skim,  the  majority  of 
skim  cheeses  containing  from  -5  up  to  5 per  cent,  of  fat.  Tlu^ 
writer  found  a sample  of  skim  cheese,  at  Gd.  per  pound,  to  have 
the  following  composition  : — 


Per  cent. 


^\'ater, 

43-14 

Fat, 

•86 

Caseine,  .... 

49-79 

( Soluble  in  water. 

2-lG  ) 

Ash,  \ Phosphate  of  Lime, 

( NaCl  in  Soluble  Ash,  , 

3-98  V 

6-21 

2-00  ) 

* Annales  de  Chimie  ct  de  Physique  [4],  t.  i.,  1864. 
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Stilton  Cheese  is  made  from  entire  cows’  milk,  to  which  some 
cream  has  been  added.  When  fully  mature,  these  cheeses  are 
similar  in  composition  to  ripe  Roqueforts. 

There  are  various  other  cheeses,  such  as  Dutch,  which  are 
I usually  highly  salted ; Gruyere,  a peculiarly  flavoured  cheese  made 
i in  Switzerland  ; Weufchatel,  a Swiss  cream  cheese  ; Schabzieger, 

1 or  green  cheese,  also  of  Swiss  origin,  and  flavoured  with  melilot; 
besides  various  English  cheeses  taking  their  names  from  the 
county  in  which  they  are  made. 

The  Ripening  of  Cheese. — The  transformation  that  cheese  under- 
goes, and  by  which  it  usually  acquires  a more  agreeable  taste  and 
flavour,  is  without  doubt  a fermentation  of  a slow  character, 
induced  by  the  agency  of  minute  mycoderms ; possibly,  as  F. 
Cohn  suggests,  the  very  active  thread-bacteria,  which  rennet 
always  contains,  have  something  to  do  with  the  process.  The 
chemical  changes  appear  to  consist  essentially  in  a fatty  meta- 
morphosis of  the  albuminoids,  a subsequent  decomposition  of  the 
fat,  or  rather  of  the  glycerine,  and  the  liberation  of  butyric, 
capric,  caproic,  and  other  fatty  acids.  Ammonia  and  carbonic 
dioxide  are  also  produced,  e.g.,  the  Roquefort  cheese  (two  analyses 
of  which  are  given  above)  was  analysed  at  the  end  of  a year, 
and  its  composition  found  to  be  as  follows  : — 


Caseine, 

Per  cent. 
. 40 -28 

Margarin, 

. 16-85 

Olein,  .... 

1 -48 

Butyrate  of  Ammonia,  . 

5-62 

Caproate  of  Ammonia,  . 
Caprylate  of  Ammonia,  . 

7-31 

4-18 

Caprate  of  Ammonia, 

4-21 

Chloride  of  Sodium, 

4-45 

Water,  .... 

. 15-62 

Valerianic  acid  has  also  been  detected  in  Roquefort  cheese  by 
M.  Bolard,  and  by  Messrs  Jljenko  and  Laskowski  in  aLimbourg 
cheese. 

Besides  the  transformation  of  caseine  into  bitty  products,  the 
raargaric  acid  decomposes  the  phosphate  of  lime,  the  result  being 
margarate  of  lime  and  phosphate  of  caseine  (the  latter  soluble  in 
water) ; so  that  if  only  a sufficient  time  is  given,  a cheese  which 
originally  gave  up,  after  removal  of  the  fat,  very  little  to  water, 
becomes  almost  wholly  soluble.  Occasionally,  instead  of  the 
process  described,  a true  putrefaction  of  the  cheese  ensues,  and 
foetid  products  containing  sulphur  are  given  off. 

§ 26.  Analysis  of  Cheese. — The  mode  of  procedure  differs  little 
from  that  used  with  milk.  Small  quantities  only  of  the  cheese  must 
be  taken  for  the  water,  and  prolonged  drying  is  necessary.  Ether 
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is  not  suitable  for  extraction  of  flit,  owing  to  tlio  solubility 
of  the  lactic  acid  wliicli  many  cheeses  contain,  but  peti’oleum 
answers  every  purpose.  The  ash  is  takeir  in  the  usual  way,  and 
the  difference  may  be  returned  as  caseine,  or  the  latter  may  be 
found  by  a combustion  with  cupric  oxide,  or  by  the  ammonia 
method  (p.  48). 

The  adulterations  of  cheese  which  have  actually  been  found  are 
not  numei’ous.  All  mineral  adulterations,  save  those  of  volatile 
metals,  must  be  looked  for  in  the  ash,  Avhich  consists  normally  of 
common  salt,  alkaline,  and  earthy  phosphates.  Cheese  has  from 
the  earliest  to  the  present  time  been  coloured  by  vegetable  matters, 
and  so  long  as  the  latter  are  not  injurious,  such  addition  cannot 
be  considered  as  adulteration. 

Tliin  slices  of  cheese  should  be  examined  microscopically  after 
dissolving  out  the  fat,  &c.,  by  ether;  in  this  way  starches  and  vege- 
table substances  may  be  detected.  Arsenical  washes  and  lead 
pastes  have  often  been  applied  to  the  rind  to  prevent  the  attacks 
of  the  fly.  As  this  part  is  habitually  eaten  by  a few  people,  it  is 
necessary  to  examine  it,  especially  for  these  metals,  and,  in  a 
complete  investigation,  to  make  two  separate  analyses,  one  of  the 
rind,  and  the  other  of  the  substance  of  the  cheese. 
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L— TEA. 

§ 27.  Varieties  of  Tea. — Tea  is  tlie  dried  leaf  of  different  species 
of  Thea,  a section  of  the  genus  Camellia.  The  botanical  varieties 
do  not  appear  to  be  numerous.  Thea  Bohea,  T.  viridis,  and  T. 
sinensis,  all  Chinese  plants,  Thea  Assamica,  indigenous  to  Assam, 
and  one  or  two  hybrids,  are  the  principal  plants  from  which  the 
numerous  teas  of  commerce  are  derived.  The  difierence  depends 
on  the  selection  of  young  or  old  leaves,  and  special  treatments  in 
drying  and  otherwise  preparing  the  leaf,  rather  than  on  essential 
botanical  variation. 

The  varieties  of  tea  imported  into  this  country  are  extremely 
numerous  j but  seldom  does  any  one  of  them  reach  the  consumer 
unmixed,  for  the  wholesale  tea  merchants  carefully  improve  their 
teas  by  “ blending.  ” The  most  common  sorts  are  — Gun- 
powder, Hyson,  Congou,  Capers,  and  Indian  tea.  Of  these,  the 
Gunpowder  and  Hyson  are  dried  at  a higher  temperature  than  the 
others,  and  contain  less  hygroscopic  moisture.  The  Capers  may 
be  generally  told  by  the  leaves  being  rolled  up  into  little  lumps 
with  starch  or  gum  j as  a class,  they  are  much  adulterated,  and, 
in  fact,  can  hardly  be  called  genuine  tea. 

Besides  these,  there  are  a number  of  special  teas,  some  of  a very 
high  price,  and  imported  in  a state  of  great  jnirity,  but  such  teas  are 
iised  almost  entirely  for  mixing  or  blending.  They  are  known 
under  the  names  of  Moyone,  Moyone  gunpowder.  Oolong,  Mannuna 
Kaisow,  scented  Pekoes,  Indian  Soiichong,  Assam,  Java,  &c. 
The  names  by  which  the  teas  of  commerce  are  most  familiar  to  the 
public  are  simply  ‘‘green”  and  “black,”  which  differ  merely  in 
accordance  with  the  method  of  preparation  followed.  Green  tea 
is  prepared  from  young  leaves,  which  are  roasted  over  a wood  fire 
within  an  hour  or  two  after  being  gathered.  The  black  tea  leaves, 
on  the  other  hand,  are  allowed  to  lie  in  heaps  for  ten  or  twelve 
hours  after  they  have  been  plucked,  during  which  time  they 
undergo  a sort  of  fermentation ; the  leaves  then  pass  through 
certain  processes,  and  are  slowly  dried  over  charcoal  fires. 
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rig. 

face, 


Structure  of  the  Tea  Zea/.— The  border  is  serrated  nearly, 

* tliongh  not  quite,  up  to  the  stalk. 

(See 'Fig.  4.)  The  primary  veins 
run  out  from  the  midrib  almost 
to  the  border,  and  then  tuim  in, 
so  that  a distinct  space  is  left 
between  them  and  the  border. 
The  diagnostic  mark  of  a tea  leaf 
is,  however,  the  microscopic  ap- 
pearance of  its  epidermis,  Avhich, 
especially  that  of  the  lower  side 
(see  Fig.  5),  exhibits  numeroiis 
small  stomata  formed  of  two  reni- 
forin  cells  of  an  average  length  of 
from  -0001328  to  -001662  inch, 
and  average  bi-eadth  -001162  to 
-000996  inch.  Around  the  stomata 
are  seen  elongated  and  curved 
epidermic  cells.  This  appeai-ance, 
so  far  as  is  known,  is  met  with 
only  in  the  tea  plant.  Stomata 
are  infrequent  on  the  upper  sm-- 
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the  epidermal  hairs  are  simple. 
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§ 29,  30.] 

§ 29.  Chemical  Composition  of  Tea. — The  constituents  of  tea 
are — Essential  oil,  theine,  hoheic  acid,  quercetin,  tannin,  querci- 
trinic  acid,  gallic  acid,  oxalic  acid,  gum,  chlorophyl,  resin,  wax,  albu- 
minous, looody,  and  colouring  matters,  and  ash.  The  essential  oil 
of  tea  varies  from  0'6  to  1 per  cent.  It  is  citron-yellow,  lighter 
than  water,  has  a strong  odour  of  the  tea  plant,  solidifies  easily 
by  cold,  and  resinifies  on  exposure  to  aii'.* 

§ 30.  Theine,  Caffeine,  CgH^oiST^Og. — This  alkaloid  was  first 
separated  in  an  impure  condition  by  Rnnge,  from  coffee  berries, 
in  the  year  1820.  It  was  found  by  Corput  and  Stenhonse  also 
to  be  a constituent  of  the  leaves  of  the  coffee  tree.  Oudry,  in 
1827,  finding  it  in  various  species  of  tea,  named  it  “ Theine,”  and 
Oudry’s  ‘‘Theine,”  Mulder  and  Jobst  showed  in  1838  to  be 
identical  with  caffeine.  The  alkaloid  has  also  been  discovered 
in  guarana,  mat6,  and  the  kola  nut,  by  Martius,  Stenhouse,  and 
Attfield  respectively. 

Theine  crystallises  from  an  aqueous  solution  with  1 atom  of 
water ; from  ether,  in  an  anhydrous  state.  It  sublimes  in  minute 
dots  at  78‘8°C.,  in  crystals  at  79*4°C.  (175^F.),  and  above. t Tlie 
sublimate  consists  of  microscopic  needles  : that  which  is  first 
produced  is  of  extremely  fine,  light  elements;  after  a little  time, 
at  such  temperatures  as  120°C.,  the  crystals  become  longer  and 
larger.  The  melting  point  of  theine  is  somewhere  between 
177°C  and  228°C.  Theine  possesses  a slightly  bitter  taste,  but 
is  without  odour.  According  to  a recent  research,  the  solubility 
of  theine  in  different  solvents  is  as  shown  in  table  on  next  page. 

Theine  forms  numerous  salts  of  definite  composition — the 
hydrochlorates,  CgHjoIST^Og,  HCl  and  CgH^QlSr^Og,  2HC1 ; a plati- 
num compound,  OgHjoN^^Og,  HCl,  PtClg]  a chloride  of  gold  com- 
pound, CgH^oN^Og,  HCl,  AuClg ; a chloride  of  mercury  and 
theine,  CgH^olST^Og,  2HgCl ; an  argentic  nitrate  with  theine, 
CgHjoN^O^,  AgNOg,  and  many  others.  Some  of  these,  such  as 
the  silver  compoxmd,  separating  from  a concentrated  watery 
solution,  and  the  mercury  compound,  almost  insoluble  in  ether, 
and  capable  of  being  dried  at  100°C.,  might  possibly  be  of  use  in' 
the  estimation  of  theine. 

Theine  is,  in  large  doses,  a poison.  Frerichs,  C.  J.  Lehmann, 

* A fixed  oil,  serving  many  purposes  in  China,  is  extracted  from  the  seeds 
of  the  tea  iilant.  It  is  citron -yellow,  specific  gravity  0‘927,  and  is  composed 
of  one  part  of  stearin  and  one  of  olein. 

f The  subliming  point  given  by  Pelouse,  17S®C.,  and  by  Mulder,  184’7°C., 
must  have  been  obtained  "by  extremely  faulty  methods.  If  a little  theine  is 
placed  between  two  watch-glasses  on  the  water-bath,  the  almost  instantaneous 
rise  of  crystals  to  the  upper  glass  will  at  all  events  show  that  the  subliming 
point  is  below  100°.  See  the  author’s  paper,  “ Temperature  at  which  the 
Alkaloids  sublime,”  Journal  of  Chemical  Society,  1878. 
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Solubility  of  Theine. 


100  grms.  of  Sol- 
vent at  1.5°tol7^C. 
dissolved  of 
Tlieiue. 

Co-efficient  of 
Solubility  at  15° 
to  17°C. 

/.  

100  grms.  of  Sol- 
vent at  the  boiling 
jDoint  dissolved 
of  Theine. 

Co-efficient  of 
Solubility  at  the 
boiling  point. 
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0 

d 

0 

u 

w 
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W 

< 

1-4 

< 

H-t 

f— ( 

<5 

Chloroform,  . . 

12-97 

1/7-72 

19-02 

1/5-25 

Alcohol  of  85  per  ) 
cent.,  . . . j 

2-51 

2-30 

1-40 

1/44-4 

... 

... 

... 

Water,  .... 

1-47 

1-35 

1-08 

1/74-2 

49-73 

45-55 

1/2-01 

1/2-19 

Absolute  Alcohol, 

O-fil 

• . ■ 

1/164-7 

... 

3-12 

1/32 

Commercial  Ether, 

0-21 

0-19 

1/47G 

1/526 

0-454 

... 

1/220 

Carbon  Bisul])hide, 

• •• 

0-0585 

1/1709 

... 

Purified  Anhy-l 
drous  Ether,  . j 

1 

0-0437 

... 

1/2288 

... 

0-36 

... 

1/277 

Essence  of  Petro-) 
leum,  . . .j 

...  i 

i 

0-025 

1/4000 

... 

... 

... 

Husemann,  and  others,  have  made  themselves  the  subject  of 
experiment.  Lehmann,  after  taking  -5  grin,  suffered  from  fre- 
quency of  the  pulse,  irritation  of  the  bladder,  cerebral  excite- 
ment, slight  hallucinations,  and  lastly  desire  to  sleep.  Huse- 
mann took  -25  grin,  with  somewhat  similar  symptoms.  Pratt, 
with  subcutaneous  injections,  of  from  -12  to  -8  grm.,  suffered  from 
symptoms  rather  different  from  the  foregoing;  -3  grm.  lessened 
the  pulse  and  caused  sleeplessness;  -4  to  -5  grm.  quickened  the 
pulse,  and  caused  a desire  for  frequent  micturition,  but  no  dila- 
tion of  the  pupil;  -8  grm.  caused  great  uneasiness  and  anxiety, 
trembling  of  the  hands  and  arms,  so  that  he  was  unable  to  write, 
and  later  a restless  sleep,  with  continual  dreaming.  In  opposi- 
tion again  to  all  these  statements,  is  that  of  the  late  Mr  Cooley,* 
who  is  said  to  have  taken  20  grains  (P29  grm.)  of  pure  theine 
every  day  for  a month  without  experiencing  any  other  symptom 
than  some  slight  elevation  of  spirits.  According  to  Strauch,  the 
least  fatal  dose  for  cats  is  ‘25  grm.,  a quantity  which  killed  a cat 
in  35  minutes.  In  all  experiments  on  animals  there  has  been 
increased  frequency  of  the  heart’s  action,  and  repeated  emptying 
of  the  bladder  and  intestine.  No  case  of  poisoning  in  the  human 
subject  appears  to  be  on  record.  When  given  to  animals  it  has 
been  chemically  separated  from  the  blood,  urine,  and  bile. 

* Fide  Cooley’s  “ Dictionary  of  Practical  Ileceipts,”  Art.  Caffeine. 
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§ 31,  32,  33.J 

Tests  for  Theine.  — Concentrated  sulphuric  and  nitric  acids 
dissolve  theine  in  the  cold  without  the  production  of  colour.  If 
the  alkaloid  is  treated  with  fuming  nitric  acid,  and  evaporated 
to  dryness,  the  reddish-yellow  residue  becomes,  when  moistened 
with  ammonia,  of  a splendid  purple-red  colour.  If  a solution  of 
theine  be  evaporated  with  chlorine  water  in  a watch-glass,  a red- 
brown  residue  is  obtained,  which  on  cooling,  and  exposure  to  the 
vapour  of  strong  ammonia,  becomes  purple- violet.  The  chief 
precipitants  of  theine  are — phosphomolybclic  acid,  yellow  preci- 
pitate ; iodine  with  potassic  iodide,  dirty  brown  precipitate  ; 
chloride  of  platinum,  yellow  hair-like  crystals,  insoluble  in  cold 
hydrochloric  acid,  slowly  separating  ; chlorides  of  gold,  mercury, 
and  nitrate  of  silver  also  give  precipitates. 

§ 31.  Boheic  Acid,  was  first  separated  by  Rochleder 

in  1847,*  from  the  leaves  of  Thea  sinensis.  The  hot  watery 
decoction  of  tea  is  precipitated  whilst  boiling  by  sugar  of  lead, 
filtered,  the  filtrate  neutralised  by  ammonia,  the  resulting  preci- 
pitate collected,  suspended  in  absolute  alcohol,  and  freed  from  lead 
by  SJEI9;  the  filtrate  from  the  lead  precipitate  is  evaporated  to 
dryness  in  a vacuum,  and  jDurified  by  re  solution  in  water,  &c. 
It  is  a pale  yellow  amorphous  powder,  melting  at  100°C.  into  a 
tenacious  mass,  and  decomposiug  at  common  temperatures  if 
exposed  to  the  air.  It  is  soluble  in  all  pro2:>ortions  in  water  and 
alcohol,  is  coloured  brown  (but  not  precipitated)  by  chloiude  of 
iron,  and  forms  for  the  most  joart  amorphous  salts  insoluble  in 
Avater. 

§ 32.  Quercitrinic  Acid,  first  discovered  by  Chevreul 

and  Brandt  in  the  Quercus  tinctoria,  and  stated  by  ITlasiAvetz 
to  be  in  tea  lea\ms,  can  be  crystallised  from  an  aqueous  solution. 
It  forms  sulphur  or  chrome-yellow  microscopic  tables,  contain- 
ing 3 atoms  of  Avater,  part  of  which  is  expelled  at  100°C.,  the 
rest  at  from  1G5°  to  200°C.  Its  reaction  is  neutral,  and  it  is 
without  odour,  but  has  a marked  bitter  taste  Avhen  in  solution. 
It  melts  at  from  160°  to  200°C.  to  a resinous,  amorphous  mass. 
Its  solubility  is  as  follows: — Cold  Awater  2485,  boiling  143; 
cold  absolute  alcohol  23-3,  boiling  3-9;  ether  dissolves  it  slightly, 
Avarm  acetic  acid  co^iiously.  Sugar  of  lead  precipitates  almost 
completely ; the  precipitate  is  soluble  in  acetic  acid. 

§ 33.  Quercetin,  first  obtained  by  Bigaud,  1854,  from  the  split- 
ting up  of  quercitrinic  acid,  is,  according  to  Filhol,  to  be  found 
in  the  green  leaves  and  floAvers  of  all  plants.  Its  formula  is  given 
as  C27Hig022;  it  forms  fine  yellow  needles,  or  a citron-yelloAv 
poAvder,  Avhicli  gwes  up  at  a temperature  of  120°,  7 to  10  per  cent, 
of  water  of  crystallisation.  It  melts,  according  to  ZAvenger  and 
* Rochleder,  Ann.  Chem.  Fharm.,  Ixiii.  202. 
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Dronke,  above  250°C.  without  decomposition,  solidifying  again 
in  a crystalline  mass,  and  it  may  be  also  sublimed  with  only 
partial  carbonisation.  It  is  very  little  soluble  in  water.  'Warm 
acetic  acid  dissolves  it  copiously,  but  it  separates  on  cooling. 
Alcohol  dissolves  it : 229-2  parts  of  cold,  18-2  parts  of  hot  and 
absolute,  are  required.  A solution  of  quercetin  colours  linen 
bright  yellow,  sugar  of  lead  precipitates  the  alcoholic  solution 
cherry  red,  and  cldoride  of  iron  dark  red.  A combination  with 
sodium  or  potassium  can  be  obtained,  Ha^O,  C.27H^g022- 

The  other  constituents  of  tea,  such  as  gallic  and  tannic  acids, 
gum,  etc.,  are  too  well  known  to  need  description. 


§ 34.  Analysis  of  Tea. 

We  possess  no  complete  analysis  of  tea;  partial  analyses  are 
numerous.  An  often  quoted  one  by  Mulder  is  as  follows  : — 


Essential  Oil,  .... 

Black  Tea. 
0-bl) 

Green  Tea. 

0-79 

Chloropliyl,  .... 

1 -S4 

2-00 

Wax, 

0-00 

0-28 

Resin,  ..... 

3G4 

2-22 

Gum,  ..... 

Tannin,  ..... 

7-28 

8-5G 

12-SS 

17  80 

Theine,  ..... 

0-4G 

0-43 

Extractive  Matter,  . 

21-3G 

22-80 

Colouring  Substances,  • . 

19-11) 

23 -GO 

Albumen,  .... 

2-80 

3-00 

Fibre,  ..... 
A.sh  (^Mineral  Substances), 

28-83 

17-80 

5-24 

5-5G 

The  theine  here  is  certainly  too  low,  but  the  amounts  of  the 
other  constituents  are  a tolerably  just  representation  of  what 
may  be  usually  found.  Some  partial  analyses  recently  published 
by  Dragendorff  may  be  reproduced  here,  as  probably  the  only 
extended  and  trustworthy  researches  on  the  amount  of  theine, 
the  alkaloid  having  been  extracted  by  a fairly  reliable  method. 
[See  annexed  table.) 

The  time  is  probably  not  far  distant  when  the  tea  trade  will 
buy  entirely  by  analysis,  siq)plcmented  in  a few  cases  by  a 
“taster’s”  report.  An  experienced  palate  will  detect  particular 
flavours  which  analysis  may  fail  to  show' ; but  a fairly  complete 
chemical  examination  of  tea  is  of  the  highest  value,  whether 
as  a guide  to  the  purchasei*,  or  merely  to  show  its  freedom  from 
adulteration. 

(1.)  Preliminary  Examination  of  Tea. — The  tea  leaves  should 
be  soaked  in  hot  water,  cai-efully  unrolled,  and  their  shape 
and  structure  examined.  Sections  can  be  made  of  leaves  by 
jdacing  them  between  two  pieces  of  cork,  and  cutting  fine  slices 
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Price  per 
Bussian 
pound. 
Bbs.  Kop. 

Water. 
Per  cent. 

Constituents 
soluble  in 
Water. 
Per  cent. 

Theine  in 
percentage 
of  Non-driec 
Tea. 

Nitrogen. 
Per  cent. 

Tannic  and 
Boheic  Acids 
Per  cent. 

Constituents 
insoluble  in 
Water. ' 
Per  cent. 

Ash. 

Per  cent. 

1.  Yellow  Tea, 

3' 

10-90 

35-5 

1-78 

6-72 

53-6 

5-92 

, 2. 

»»  ' 

5- 

7-10 

41-1 

1-61 

51-8 

6-12 

3.  „ 

6- 

9 09 

38-8 

1-49 

... 

52-2 

5;61 

4.  „ 

J } • 

8- 

9-88 

36-5 

1-43 

6-60 

12-70 

53-7 

5-33 

5.  Green 

Tea, 

2-50 

8-35 

33-5 

1-82 

6-02 

58-2 

6-82 

6.  „ 

) > • 

3- 

8-82 

39-9 

1-66 

12-32 

51-3 

6-21 

7.  „ 

5 » • 

4-50 

7-92 

37-5 

1-61 

6-01 

54-6 

5-78 

8.  Black 

Tea, 

1-20 

10-63 

44-5 

1-36 

4-15 

44-9 

6-07 

9.  „ 

)> 

1-40 

10-25 

32-4 

1-79 

57-4 

6-51 

10.  „ 

J J • 

1-60 

10-43 

33-3 

1-65 

56-3 

6-00 

11.  „ 

„ . 

1-75 

9-98 

26-8 

1-89 

63-3 

6-22 

12.  „ 

>> 

2- 

9-47 

30-7 

2-08 

9-42 

59-9 

5-62 

13.  „ 

J y 

2-20 

10-70 

27-2 

2-11 

... 

62-1 

6-18 

14.  „ 

j>  • 

2-50 

10-90 

27-2 

2-14 

5-26 

61-9 

5-78 

15.  Flower  Tea  ) 

(Blnmen  Thee)  J 

2-20 

9-46 

29-1 

2-12 

... 

67-5 

6-15 

16.  „ 

yy  • 

2-50 

8-79 

30-0 

2-13 

4-75 

61-3 

5:89 

17.  „ 

yy  • 

2-70 

10-51 

29-4 

1-81 

60-1 

5-62 

18.  „ 

) > 

3- 

12-66 

24-8 

1-79 

62-6 

5-66 

19.  „ 

) > 

3-20 

12-00 

26-7 

1-95 

61-3 

6-20 

20. 

> > • 

3-50 

11-09 

30-5 

1-79 

58-5 

6-57 

21.  „ 

5 5 • 

4- 

10-36 

31-2 

2-02 

... 

58-5 

5-45 

22,  ,, 

J3  • 

5- 

10-72 

31-9 

2-68 

11-24 

57-4 

5-48 

23. 

! > • 

7- 

11-05 

32-8 

3-09 

5-19 

...  j 

57-2 

5-83  1 

1 
1 

Silica  and 
Sand. 
Per  cent. 

Percentage 
of  Ash,  minu 

Ash  from 

Potash. 

Potash. 

1 Phosphoric 

Phosphoric 

■ 

Silica  and 
Sand. 

Constituents 
Per  cent. 

Per  cent. 

' [On  the  Tea. 

Per  cent. 

1 [On  the  Ash. 

Per  cent. 
![On  the  Tea. 

Acid. 

Per  cent. 
[On  the  Ash.; 

Observations. 

1-64 

0-35 

5-28 

5-77 

2-16 

2-53 

42-82 

1-09 

18-47 

1 Length  of  leaf,  25  to  47  mm. ; only  a few  entire 
( leaves;  buds  of  8 mm.  diameter 

1-99 

... 

... 

( Length  of  leaf,  30  to  40  mm.;  only  a few  entire 
( leaves. 

0-27 

5-34 

2-12 

0-80 

16-65 

1 Many  broken  stalks,  with  folded  undeveloped 
1 leaves;  buds  3 to  5 mm.  diameter;  lenoth  of 
( leaf,  21  mm. 

0-85 

4-48 

2-79 

2-10 

39-55 

1-33 

25-02 

1 Buds  and  points  of  leaves  still  less  developed ; hut 
( lew  entire  leaves. 

U'85 

5-97 

2-74 

2-27 

33-40 

0-79 

11-65 

\ Full  grown,  but  not  leathery  leaves ; most,  it  would 

0-98 

5-23 

2-50 

0-72 

11-67 

1 appear,  halved  by  design ; absence  of  buds.  No. 
> 5 more  compact  than  the  others ; coloured  blue, 

0-58 

5-20 

2-04 

2-48 

42-99 

0-77 

13 -.32 

I and  slightly  rolled.  No  6.  is  in  rolled  little 
J balls ; No.  7 in  cylinders. 

0-99 

5-08 

2-89 

/ 

2-23 

36-88 

0-79 

13-11 

Mostly  old  le.aves;  much  divided. 

0-83 

5-68 

3-68 

0-93 

14-30 

\ 

1-35 

0-89 

4- 65 

5- 24 

3-75 

0-83 

13-84 

1 Old  leaves,  but  little  powdered;  mostly  in  halves. 
V 12  are  less  compact  than  the  rest,  so 

r that  by  a little  soaking  in  water  they  are  easily 
1 powdered. 

3-04 

1-19 

4-43 

3-19 

1-03 

18-42 

) 

1-11 

5-70 

1-14 

18-54 

1 

0-98 

4-80 

2-79 

1-97 

.34-19 

1-11 

17-25 

1 Mostly  not  fully  grown ; halved;  rather  thin  leaves . 

1-03 

5-12 

2-69 

2-28 

37-94 

0-88 

14-42 

i Similar  to  the  above ; a few  stalks  as  Nos.  3 and  4; 

1-12 

y No.  IG  has  somewhat  more  numerous  stalks 

4-77 

3-15 

0-87 

14-79 

\ than  15. 

0-92 

4-70 

2-32 

1-27 

19-92 

i 

0-83 

4-83 

2-47 

0-94 

16-71 

0-97 

5-23 

2-47 

1-04 

16-88 

> Cut,  half-developed  leaves ; a few  stalks  and  buds. 

0-97 

5-60 

2-45 

0-94 

14-43  J 

0-89 

4-56 

2-38 

1-24 

1 

22-83  K 

0-73 

4-75 

2-04 

1-27 

23-19  ||> 

Young  leaves  without  buds. 

0-54 

! 

5-29 

1-99 

i 

2-23 

38-24 

1-56 

25-64  / 

- 
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of  Lotli  the  cork  and  the  enclosed  leaf;  on  floating  the  sections  in 
water,  the  film  of  cork  may  be  readily  separated  fi'om  the  leaf. 
The  epidermis  of  the  lower  or  upper  surface  can,  with  a little 
practice,  be  detached  in  small  portions  by  the  aid  of  a sharp  razor, 
and  examined  in  water,  glycerine,  or  dammar  balsam,  under  the 
microscope.*  The  structure  of  the  tea  leaf  has  been  already 
noted.  The  following  is  a brief  description  of  the  principal 
leaves  supposed  to  be  used  as  adulterants  : — 

§ 35.  Beech  {Fagus  sylvatica).  (See  Fig.  6.) — The  leaves  of 
the  beech  are  ovate,  glabrous,  obscurely  dentate,  ciliate  at  the 
edges,  the  veins  running  parallel  to  one  another  right  to  the 
edge.  The  leaf,  slightly  magnified,  is  seen  to  be  divided  into 
quadrilateral  spaces  by  a network,  of  transparent  cells.  On  sec- 
tion, the  parenchyma  of  the  leaf  is  found  to  consist  of  an  upper 
layer  of  longitiidinal  cells,  and  a lower  of  loose  cellular  tissue, 
enclosed  between  the  epidermis  of  the  upper  and  under  surface. 
The  whole  section  is  thus  divided  into  oblong  spaces  by  trans- 


Fig.  G.— EriDERms  of  Beech  Leaf,  x 300. 

* There  are  various  section-machines  in  use,  but  after  trying  several  1 
have  forsaken  all,  save  in  cases  of  soft,  pulpy  tissues,  &c. , where  it  is  con- 
venient to  freeze  the  substance.  With  a very  little  practice,  sufficient 
manual  dexterity  to  obtain  a fine  section  is  accpured  with  the  fingers 
alone.  The  whole  of  the  beautiful  prej)arations  whence  Schleiden  obtained 
the  illustrations  for  his  botanical  works  were  taken  by  the  aid  simply  of  a 
sharp  razor. 
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parent  cells  connecting  the  cuticle  of  the  upper  and  lower  surfaces. 
The  epidermis  of  both  the  upper  and  lower  surfaces  is  composed 
of  cells  with  an  extremely  sinuous  outline  (see  Fig.  G).  The 
stomata  are  small,  not  numerous,  and  almost  round  ; average 
length,  ‘000996  inch,  average  breadth,  -00083  inch.  Beech  leaves 
contain  manganese. 

§ 36.  Haiothorn  [Cratcegus  oxyacantha). — At  least  two  varieties, 
the  more  common  of  which  is  the  C.  monogyna,  with  obovate 
three-  to  foiu'-deeply  lobed  leaves,  with  the  lobes  acute.  The 
leaf  is  divided  into  cpiadrilateral  sj>aces,  like  the  beech  and 
many  other  leaves,  by  a transparent  network.  The  epidermis  of 
the  upper  surface  is  composed  of  a layer  of  thin-walled  cells, 
generally  quadrilateral,  outline  seldom  sinuous.  The  epidermis 
of  the  lower  surface  has  a layer  of  thin-walled  cells,  with  a very 
sinuous  outline.  Stomata  lai’ge,  distinct,  and  numerous,  in  many 
instances  neaidy  round,  but  the  shape  mostly  oval.  The  average 
length  of  the  stomata  is  ‘00166  inch,  the  average  breadth  ‘00149 
to  ‘0015  inch.  (See  Fig.  7.) 


Fig.  7.— Epidermis  prom  'irie  Undem  Surface  of  the  Hawthorn 

Leaf,  x :h)l). 

§ 37.  Camellia  Sassanqua. — The  leaves  of  Camellia  sassanqua 
are  oval,  obscurely  serrate  (the  younger  leaves  entire),  dark 
green,  glabrous,  of  somewhat  leathery  consistence ; the  lateral 
veins  of  the  leaf  are  inconspicuous. 

Micro-structure. — The  parenchyma  of  the  leaf  is  placed  between 
two  thickened  epidermal  layers;  the  epidermis  of  the  upper  surface, 
as  seen  upon  a section,  forms  a wrinkled,  continuous,  thick  mem- 
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brane,  in  wliich  a cellular  structure  is  not  very  evident.  Below 
this  there  are  two  or  three  layers  of  large  cells,  more  or  less 
oblong,  with  their  long  diameter  at  right  angles  to  tlie  surface  of 
the  leaf;  and  underneath  this  again  is  a loose  network  of  cells, 
resting  upon  an  epidermis  in  every  respect  similar  to  that  of  the 
upper  surface,  but  only  half  as  thick.  A thin  layer  of  either  the 
upper  or  lower  epidermis  sIioavs  a peculiar  dotted  or  reticulated 
appearance,  not  unlike  the  rugae  of  a stomach.  The  lower 
epidermis  is  studded  with  frequent  stomata,  Avhich  are  of  an 
oblong  shape,  length  •001328  inch,  breadth  ’00083  inch.  (See 
Fig.  8.) 


Fig.  8.— Epidermis  or  Under  Surface  of  the  Leaf  of  Camellia 

Sassanqua,  X 300. 

§ 38.  Sloe  [Pnmus  commitnis). — The  leaves  of  tne  common 
sloe  are  i-ather  small,  elliptic  or  ovate-lanceolate  in  shape,  and 
slightly  downy  beneath.  The  sectional  thickness  of  the  leaf 
is  the  same  as  that  of  tea,  viz.,  ‘OOGOd  inch.  The  stomata  on 
the  lower  surface  are  scanty,  in  length  about  ‘OOIGG  inch;  in 
breadth,  '00083  inch.  The  microscopical  ajipearances  are  wholly 
different  from  those  of  tea  leaves,  more  especially  as  seen  in 
section.  (See  Fig.  9.) 

§ 39.  Chloranthus  Inconspicuus. — The  leaves  of  the  Chloranthus 
inconspicuus  are  long,  oval,  serrate,  wrinkled,  the  veins  running 
nearly  to  the  edge,  and  there  forming  a network  in  such  a 
manner,  that  at  the  point  of  intersection  little  knots  are  formed. 
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Fig.  9. — Section  of  Sloe  Leaf,  x 300. 


whicli  give  the  margin  of  the  leaf  a very  rough  feeling.  The 
structure  of  the  leaf  is  very  simple.  The  epidermis  of  the  upper 
surface  is  formed  of  one  or  two  layers  of  thin-walled  cells,  the 
epidermis  of  the  lower  of  one  or  two  layers  also  of  cells,  and 
between  the  two  there  is  a parenchyma  of  loose  cellular  tissue. 
The  stomata  are  oval  and  rather  numerous  ; their  length  is 
from  -001992  to  -002188  inch,  their  breadth  -001338  inch.  The 
cells  of  the  epidermis  ai-e  large,  some  of  them  -005  inch  or  more 
in  their  loug  diameter. ''''  (See  Fig  10.) 

The  dimensions  of  the  stomata  of  the  various  leaves  just  de- 
scribed may  be  conveniently  arranged  in  a tabular  form,  thus — 

Length  of  Stomata.  Breadth  of  Stomata. 


Inch.  Inch. 

Beech,  ....  -000996  ' -00083 

Camellia  sasaanqua,  . . -001328  -00083 

Tea  . from -001 162  to -0013-28  from -000996  to -001162 

Sloe •00166  -00083 

Hawthorn,  ....  -00166  -00149 

Chloranthus  inconspicnus,  -001992  -001328 


* The  leaves  of  Epilob'mm.  cmgusifoUum  [common  toilloiv  herb)  are  said  to 
he  extensively  used  in  Russia  for  the  adulteration  of  tea.  The  dried  leaves 
are  sold  for  from  four  to  six  roubles  a pound,  and  are  used  by  the  poorer 
classes  in  the  place  of  tea.  Alcohol  produces  in  infusions  of  epilobium  a 
lirecipitate  of  mucilage. — Pliarm.  Zeitsch.  fur  Bussland,  and  Year-Book  of 
Pharmacy  y 1876. 
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§ 30-] 

A chemical  method  for  the  detectioir  of  foreign  leaves  (adulter- 
ants) was  first  described  by  the  writer  in  June,  1877.*  It  is 
based  upon  two  facts,  firstly,  that  every  part  of  a i{/ieme-producing 
plant — wood,  stem,  leaf,  flowers,  and  even  hairs — contains  the 


Fig.  10.— (a)  Epidermis  of  Under  Surface  of  the  Leaf  of 
CAloeanthus  Inconspicuus,  X 300. 

(6)  Section  near  Edge. 

alkaloid ; and  secondly,  that  this  can  be  readily  sublimed.  The 
leaf,  or  fragment  of  a leaf,  is  boiled  for  a minute  in  a watch-glass 


“ Micro-Chemistry,  as  applied  to  the  Identification  of  Tea  Leaves.”  By 
A.  Wynter  Blyth.  Analyst,  June,  1871. 
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with  a very  little  water,  a portion  of  burnt  magnesia  equal  in 
bulk  is  atlded,  and  tlie  Avhole  heated  to  boiling,  and  rapidly 
evaporated  down  to  a large-sized  drop.  This  drop  is  transferred 
to  the  “ subliming  cell,”  described  in  another  portion  of  this  work, 
(see  Index,)  and  if  no  crystalline  sublimate  be  obtained,  when 
heated  up  to  llO^C.  (a  temperature  far  above  the  subliming  point 
of  theine),  the  fragment  cannot  be  that  of  a tea  plant.  On  the 
other  hand,  if  a sublimate  of  theme  be  obtained,  it  is  not  con- 
clusive evidence  of  the  presence  of  a tea  leaf,  since  other  plants 
of  the  camellia  tribe  contain  the  alkaloid. 

Finall}’’,  there  is  a negative  test  which  may  occasionally  be 
valuable.  All  fragments  of  tea  hitherto  examined  contain  man- 
ganese, and  there  are  a few  foreign  leaA'es  in  which  manganese  is 
constantly  absent.  Hence,  if  a leaf  be  burnt  to  an  ash,  and  a 
fragment  of  the  ash  be  taken  up  on  a soda-bead,  to  which  a little 
potassic  nitrate  has  been  added,  the  absence  of  the  green  man- 
ganate  of  soda  Avould  be  sufficient  evidence  that  the  leaf  had  not 
been  derived  from  the  tea-plant,  while  conversely,  as  in  the  case 
of  theine,  it  does  not  in  itself  prove  it  to  be  tea. 

Another  portion  of  the  tea  leaves  should  be  thoroughly  bruised, 
spread  on  a glass  plate,  and  carefully  searched  with  a magnet  for 
feiTuginous  particles — the  so-called  iron-filings,  which  are  occa- 
sionally found,  especially  in  Capers  and  certain  species  of  Congou, 
It  is  almost  xmnecessary  to  state  that  the  black,  irregular  masses 
found  in  tea,  and  attracted  by  a magnet,  are  not  metallic  iron.* 
Their  chemical  composition  is  somewhat  variable  ; they  all  con- 
tain magnetic  oxide  of  iron,  and  many  of  them  in  addition  phos- 
phate of  iron,  titanate  of  iron,  quartz,  and  mica  with  a little 
sand.  They  arc,  Avithout  doubt,  sometimes  an  adulteration  (the 
author  lias  himself  found  over  1 per  cent.),  and  sometimes  an 
impiirity,  for  in  a foAv  teas  mere  traces  only  of  this  ferruginous 
sand  may  be  discovered.  Any  particles  of  the  kind  extracted  by 
the  magnet  should  be  collected  and  ti’eated  Avith  hot  Avatei',  Avhich 
soon  disintegrates  them;  the  adherent  tea-dust  is  separated, 
and  the  sand  dried  and  weighed. 

To  detect  facing,  the  tea  in  its  dried  state  should  be  mounted 
as  an  opaque  object.  If  it  has  the  appearance  of  being  heaAuly 
faced,  soaking  in  Avarm  Avater  Avill  soon  detach  the  film  ; and 
indigo,  Trussian  blue,  or  similar  substances  Avill  sink  to  the 
bottom,  and  may  be  collected  and  examined.  Indigo  may  be 
identified  by  the  microscope.  Prussian  blue  may  be  tested  for 

* Mr.  Allen  appears  to  have  found  metallic  iron  in  tea.  The  test  for 
metallic  iron  is,  that  nitric  acid,  1 -2  specific  gravity,  dissolves  it  with  the 
production  of  red  fumes  ; it  also  precipitates  metallic  copper,  if  added  to  an 
acidulated  solution  of  ciqiric  sulphate. 


' by  warming  the  deposit  witli  caustic  alkali,  filtering,  acidifying 
the  filtrate  with  hydrochloric  acid,  filtering  again  if  necessary, 

1 and  testing  the  filtrate  with  ferric  chloride.  The  residue  left 
after  treatment  with  caustic  alkali  may  be  tested  for  magnesium 
! j silicate,  by  first  extracting  with  HOI,  and  then  collecting  the 
: I insoluble  residue,  and  fusing  it  with  an  alkaline  carbonate.  The 
I ! silica  is  now  separated  in  the  usual  way  by  evaporation  with  HCl 
j to  dryness,  subsequent  solution  in  weak  acid,  and  filtration;  any 
j lime  is  removed  by  ammonia  and  ammonic  oxalate ; and  lastly, 
;j  1 magnesia  is  precipitated  as  ammon.  mag.  phosphate.  Magnesia 
: j found  iinder  these  circumstances  must  have  been  present  as 
■:  j steatite  or  other  magnesian  silicate. 

: ' (2.)  Chemical  Analysis. — The  preliminary  examination  of  the 

tea  having  been  concluded,  the  sample  is  next  submitted  to 
chemical  analysis.  If  the  question  to  be  decided  is  simply  that 
( of  adulteration,  the  taste  of  the  infusion,  the  percentage  of 

I extract,  and  a determination  of  the  chief  constituents  of  the  ash 
is  in  most  cases  all  that  is  necessary ; but  a more  or,  less  complete 

I I examination  embraces  a quantitative  estimation  of  hygroscopic 
. I moisture,  theine,  total  nitrogen,  tannin,  extract,  gum,  and  ash. 

! § 40.  Hygroscopic  Moisture. — The  ordinary  metliod  of  taking 

I the  hygroscopic  moisture  of  tea  is  to  powder  as  finely  as  possible 
i an  indeterminate  quantity  of  from  1 to  2 grins.,  and  to  heat  it 
in  a watch-glass  over  the  water-batli  until  it  ceases  to  lose  weight. 

' It  should  be  finally  weighed  between  two  Avatch-glasses,  since  it 
I rapidly  absorbs  moisture  from  the  air. 

I The  method  given  is  in  its  results  incorrect,  since  some  volatile 
oil  and  a small  projiortion  of  theine  are  always  volatilised.  That 
' theine  is  actually  lost  is  capable  of  rigid  demonstration ; it  is 
only  necessary  to  heat  a few  leaves  of  tea  between  two  watch- 
!i  glasses  over  the  water-bath,  and  theine  crystals  can  be  readily 
>'  discovered  by  the  microscope.  To  devise  a process  of  drying  tea 
I which  will  represent  water  only  is  easy;  but  since  the  loss  both 
of  volatile  principles  and  theine  does  not  materially  affect  the 
> results,  it  is  scarcely  worth  while  to  complicate  the  analysis  b^f" 
:i  the  use  either  of  a lower  temperature  or  of  processes  of  absorp- 
( tion.  The  highest  amounts  of  moisture  in  a genuine  tea  which 
are  on  record  are  two  specimens  from  Cachar,  analysed  by  Pro- 
fessor Hodges — the  one  (indigenous)  gave  16'06  per  cent.,  the 
other,  a hybrid,  16-2  per  cent.  These  were,  however,  not  com- 
mercial teas,  and  apj^ear  to  have  been  simply  dried  in  heated 
rooms.  The  average  hygroscopic  moisture  found  by  Mr.  Wigner 
in  thirty-five  teas,  consisting  of  Hysons,  Capers,  Souchongs,  Gun- 
powders, and  others,  was  7 '67  per  cent.,  the  driest  teas  being  the 
! Hysons  and  Gunpowders,  the  moistest  the  Congous  : — 
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Per  cent. 

The  maximum  amount  of  moisture  found  ill  H3’soii,  . . 5 ‘68 

The  minimum  ,,  ,,  . 4 '84 

Tlie  maximum  ,,  ,,  Gunpowder,  . 6 ’55 

The  miuimum  ,,  ,,  ,,  . 4'94 

'J'he  maximum  ,,  ,,  Congou,  . 10  •33 

The  minimum  ,,  ,,  ,,  . G'3l> 


§ 41.  The,  Estimation  of  Theine  or  Caffeine. — Tiie  modern  pro-  . 
cesses  for  extracting  theine  fall  chiefly  under  three  heads  : — 

(1.)  Extraction  hy  treating  a decoction  of  the  theine-containing 
substances  loith  lime  or  burnt  magnesia,  evaporation  to  dryness,  and 
subsequent  solution  of  the  alkaloid  by  chloroform,  ether,  or  benzine. — 
The  fundamental  idea  of  this  process  perhaps  belongs  to  Miiller  •,  , 
it  has  also,  with  various  modifications,  been  recommended  by  ^ 
Clous,  Commaille,  Dragendorff,  and  many  other  chemists. 

Commaille  adopts  the  following  method  : — 5 grms.  of  finely 
powdered  and  carefully  sifted  substance  are  made  into  a hard 
paste  with  1 grm.  of  calcined  magnesia.  This,  after  stand- 
ing for  twenty-four  liours,  is  dried  npon  a water-bath  and 
powdered.  The  resulting  green  powder  is  exhausted  three 
successive  times  in  a flask  with  boiling  chloroform,  the  flask 
being  connected  with  an  inverted  Liebig’s  condenser,  so  that  the 
action  may  be  continued  for  a long  time.  The  cool  solution  is 
filtered,  the  chloroform  recovered  by  distillation,  and  the  residue’ 
in  the  flask  dried.  This  residue  consists  of  resinous  fatty  matters 
and  theine;  the  former  are  removed  by  treating  the  contents  of 
the  flask  Avith  hot  water  and  10  grains  of  powdered  glass,  which 
have  been  previously  washed  with  dilute  hydrochloric  acid.  The 
Avater  is  boiled  and  the  contents  shaken  up  Avith  the  glass,  the 
resinous  matters  attach  themselves  to  the  latter  in  the  form  of 
little  globules.  The  solution  is  poured  on  a Avet  filter,  and  the 
residue  completely  exhaustecl  by  repeated  boiling  Avith  fresh 
quantities  of  Avater.  On  evaporating  the  united  filtrates  in  a S 
fared  capsule,  pure  caffeine  is  left  in  the  form  of  Avhite  crystals.  ( 

Dragendorff  takes  5 grms  of  the  substance,  exhausts  it  Avitli  ' 
l)oiling  AA^ater,  evaporates  to  dryness,  adding  2 grms.  of  burnt 
magnesia  and  5 of  ground  glass;  the  finely  poAvdered  residue  is 
soaked  in  GO  cc.  of  ether  for  tAventy-four  hours,  and  finally 
thoroughly  exhausted  by  ether.  The  latter,  Avhen  separated  and 
evaporated,  leaves  the  theine  in  a tolei’ably  pure  state.  He  also 
states  that  ether  may  be  replaced  by  chloroform.  CazeneuA'e 
and  Caillot  recommend  a very  similar  process,  but  magnesia  is 
replaced  by  recently  slaked  lime,*  ether  hy  chloroform.  MarkoAV- 
nikoff  uses  benzine  instead  of  the  solvents  mentioned. 

* The  present  writer  does  not  believe  th.at  magnesia  can  be  replaced  Avith 
lime  Avithout  loss  of  theine  from  decomposition. 
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In  all  the  above  processes  there  is  one  source  of  error  which 
does  not  appear  sufficiently  guarded  against — viz.,  loss  of  theine 
during  the  evaporation  to  dryness,  since  it  is  absolutely  impossible 
to  evaporate  a decoction  of  tea  and  magnesia  to  dryness  at  100°C. 
without  loss  of  the  alkaloid — a loss  which,  so  far  as  the  author’s 
experiments  go,  does  not  take  place  until  the  mixture  is  quite 
dry.  The  following  moditication  may  therefore  be  proposed  : — 
4 to  5 grms.  of  the  tea  are  boiled  in  a flask  with  an  inverted 
Liebig’s  condenser  for  a couple  of  hours,  the  liquid  and  leaves 
are  transferred  to  an  evaporating  dish,  some  magnesia  added, 
and  the  whole  concentrated  to  a pasty  condition.  This  paste  is 
treated  and  thoroughly  exhausted  by  chloroform ; the  latter  is 
separated  and  evaporated,  and  the  chloroformic  extract  redis- 
solved in  a little  boiling  water,  the  solution  filtered,  evaporated 
to  diyness  at  a very  gentle  heat,  and  weighed. 

(2.)  Simple  treatment  of  the  powdered  leaves  hy  solvents. — Legrif 
and  Petit  soften  the  leaves  first  with  boiling  water,  and  then 
extract  the  moist  mass  by  the  aid  of  chloroform.  Other 
chemists  simply  exhaust  the  powdered  substance  by  chloroform 
or  ether;  subsequent  ])urification  may  of  course  be  necessary. 

(3.)  Sublimation. — A method  of  utilising  tea  dust  by  making 
it  a source  of  theine,  was  recommended  by  Heijnsius  {Journ. 
Prac.  Chem.,  xlix.  317).  The  tea  dust  was  simply  treated  in  a 
Mohr’s  benzoic  acid  sixbliming  apparatus.  Stenhouse  improved 
this  process  by  preci})itating  either  a spirituous  extract,  or  a 
decoction,  of  tea  by  acetate  of  lead,  evaporating  the  filtrate  to 
dryness,  mixing  the  residue  with  sand,  and  subliming.  These 
pi’ocesses  of  sublimation,  however,  were  proposed  simply  for  the 
exti-action,  not  the  estimation,  of  theine. 

The  writer,  in  1877,*  proposed  the  following  quantitative 
method  of  sxiblimation ; — A convenient  quantity  of  the  tea  was 
boiled  in  the  way  mentioned,  magnesia  added,  and  the  whole 
evaporated  to  a paste,  which  was  spread  on  a thin  iron  plate,  and 
covered  with  a tared  glass  funnel.  The  heat  at  first  was  very 
gentle,  but  was  ultimately  raised  at  tlie  later  stages  of  the  pro- 
cess to  200°C.  The  theine  sublimes  perfectly  pure  and  anhydrous, 
and  forms  a coheroit  white  coating  on  the  sides  of  the  funnel; 
the  increase  of  weight  is  simply  anhydrous  theine.  To  ensure 
success  it  is  absolutely  necessary' — 

(1.)  That  tlie  layer  be  as  thin  as  possible. 

(2.)  That  the  heat  be  only  gradually  increased. 

(3.)  That  the  mixture  be  occasionally  cooled,  and  then 
thoroughly  stirred. 

(4.)  That  tlie  sublimation  be  prolonged  for  a sufficient  time. 

* Op.  cit. 
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The  sublimation  is  finished  when  a funnel,  inverted  over  the 
substance,  heated  to  about  150°C.,  and  left  for  half  an  hour,  shows 
no  crystals. 

§ 42.  Determination  of  Total  Nitrogen. — Peligot,  and  Wanklyn 
as  well,  have  laid  particular  stress  on  the  large  amount  of  nitrogen 
contained  in  tea  leaves.  This  nitrogen  is,  of  course,  largely 
dependent  on  the  theine,  and  it  is  questionable  whether,  with 
the  improved  methods  for  the  extraction  of  the  latter,  it  is 
worth  while  to  make  a combustion,  more  especially  as  the 
exhausted  leaves  are  highly  nitrogenous,  from  the  presence  of 
an  albuminous  body.  The  process  is  conducted  in  the  usual 
way  in  a combustion  tube,  and  best  with  copper  oxide.  The 
following  are  a few  determinations  of  total  nitrogen : — 


Per  cent. 

Analysed  by 

A sample  of  genitine  tea  from  Cacliar, 

4-74 

Hodges. 

A hybrid  variety,  do.,  . 

2-81 

J 9 

Another  sample  from  Cachar, 

4-42 

5 ? 

Sample  taken  from  CO  green  teas  slightly  ) 
faced,  ......  ^ 

3-76 

5 5 

GO  Black  teas,  ..... 

3-26 

Wigner. 

C Assam  teas,  ..... 

3-64 

j ) 

C Caper  teas,  ..... 

3-32 

J 5 

Assam  tea,  from  Dr.  M ‘jSTamara’s  garden. 
Sample  of  exhausted  leaves, 

3-88 

3-80 

J ) 
> > 

Mr.  Wanklyn  has  applied  his  ammonia  process  to  the  examina- 
tion of  tea.  The  solulile  matter  from  100  ingrms.  of  tea  is  heated 
with  a 10  per  cent,  solution  of  potash  in  a flask  fitted  to  a proper 
condenser,  until  all  the  ammonia  is  distilled  over.  It  may  be 
necessary  to  add  water  once  or  twice,  and  redistill ; then  50  cc.  of 
a strongly  alkaline  solution  of  permanganate  of  potash  are  added 
and  distilled;  the  ammonia  in  the  distillates  is  estimated  by 
“ Nesslerising.”  Mr.  Wanklyn  gives  the  following  figures  as 
yielded  by  a genuine  tea — 

Mgrms. 

Free  Ammonia,  . . . . . 0 -28 

Albuminoid  Ammonia,  ....  0‘4.S 


0-71 

100  mgrms.  of  genuine  tea,  sent  to  the  writer  by  Dr.  Shortt, 
of  Madras,  yielded  total  ammonia  *81.  We  only  require  a few 
hundred  determinations  of  ammonia  in  this  way,  to  have  some 
guide  to  the  variations  met  with  in  all  kinds  of  tea ; this  would 
aflbrd  far  more  information  than  an  ordinary  combustion. 

§ 43.  Determination  of  Tannin. — The  methods  proposed  for  the 
determination  of  tannin  are  very  numerous.  Three  only,  how- 
ever, require  any  notice  here — viz.,  the  gelatine  process  Mr 
Allen’  s acetate  of  lead  process,  and  Lowenthal’s  process. 
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(1.)  By  Gelatine. — The  best  process  by  gelatine  is  decidedly 
that  which  dispenses  with  the  drying  and  weighing  of  the  pre- 
cipitate. A solution  of  gelatine  is  carefully  made  by  first  soak- 
ing the  gelatine  in  cold  water  for  twelve  hours,  then  raising  the 
heat  to  100°C.,  by  placing  the  bottle  on  the  water-bath  (the 
strength  should  be  about  3 per  cent.),  and  finally  about  *8  per 
cent,  of  alum  should  bo  added.  A portion  of  the  solution  thus 
prepared  is  put  into  an  alkalimeter  flask  ie.g.,  Schuster’s),  and 
carefully  weighed.  A solution  containing  a known  quantity  of 
tannin  is  now  titrated  with  the  gelatine  until  a precipitate  no 
longer  occurs;  the  flask  is  reweighed,  and  the  loss  shows  approxi- 
mately the  strength  of  the  solution.  One  or  two  more  exact 
determinations  will  be  required  to  get  the  correct  value.  It  is 
necessary  to  allow  the  precipitate  now  and  then  to  settle,  and  a 
few  di'ops  of  the  supernatant  fluid  should  be  placed  on  a watch- 
glass,  to  which  a drop  of  gelatine  may  be  added,  and  thus  the 
point  of  saturation  ascertained.  The  tannin  in  a decoction  of  tea 
is,  of  course,  estimated  on  precisely  similar  principles. 

(2.)  Mr.  Allerts  Lead  Process. — A Altered  solution  of  lead  acetate 
*5  per  cent.,  a solution  of  5 mgrms.  of  pot.  ferridcyanide,  5 cc.  of 
strong  ammonia  water,  and  5 cc.  of  pure  water,  and  lastly,  solu- 
tion of  pure  tannin  (T  per  cent.)  are  required.  The  process  essen- 
tially depends  upon  the  precipitation  of  tannin  by  lead  acetate, 
and  using  ammoniacal  pot.  ferridcyanide  as  an  indicator.  The 
latter  agent  strikes  a pink  colour  with  tannin.  The  solution  is 
standardised  by  taking  a known  volume  of  the  lead  solution,  and 
dropping  in  the  tannin  liquid  until  a small  portion  Altered  gives 
a pink  colour  with  the  indicator. 

Tea  is  tested  in  a precisely  similar  manner.  Mr.  Allen’s 
method  is  tolerably  speedy  and  accurate ; the  writer  has,  how 
ever,  found  the  final  reaction  somewhat  difficult  to  observe. 

(3.)  LbwenthaVs  process. — Up  to  the  present  time  this  method 
(originally  worked  out  for  barks)  is  the  best  we  possess ; it  depends 
on  the  oxidation  by  permanganate,  aud  indigo  is  used  as  an  indi- 
cator. It  not  alone  gives  us  the  tannin,  but  the  amount  of  other 
astringent  matters  as  well.  The  following  solutions  are  required: — 

(1.)  A solution  of  potass,  permanganate,  T333  grms.  per  litre. 

(2.)  Precipitated  indigo,  5 grms.  per  litre. 

(3.)  Dilute  sulphuric  acid  (1  : 3). 

(4.)  A solution  of  gelatine,  25  grms.  to  litre,  saturated  with 
table-salt.* 

* Lowenthal  prepares  the  solution  by  steeping  25  grms.  of  the  finest 
Cologne  glue  in  cold  water  over  night ; it  is  then  melted  on  the  water-bath, 
saturated  with  NaCl,  and  made  up  to  1 litre  with  saturated  NaCl  solution, 
filtered,  and  kept  well  corked. 
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(5.)  A saturated  solution  of  pure  salt,  containing  25  cc.  of 
sulphuric,  or  50  cc.  of  hydrochloric  acid  per  litre. 

The  analysis  as  applied  to  the  determination  of  tannin  in 
barks,  is  performed  thus  : — 10  grins.,  say,  of  sumach  are  taken 
and  exhausted  by  boiling  with  water,  and  the  solution  made 
up  to  1 litre;  of  this  infusion,  10  cc.  ai’e  mixed  with  75  cc.  of 
water,  25  cc.  of  the  indigo  solution  added,  and  10  cc.  of  the  dilute 
sulphuric  acid.  The  permanganate  solution  is  run  drop  by  drop 
from  the  burette  with  constant  stirring,  till  the  blue  colour  changes 
to  yellow,  when  the  amount  of  jiermanganate  used  is  noted  (a:).  The 
same  jirocess  is  repeated  with  indigo  and  sulphuric  acid,  and  the 
amount  read  off  (y) ; subtracting  y from  x = total  astringent 
matters.  The  permanganate  oxidises  both  tannin  and  indigo,  but 
the  tannin  being  the  easier  to  oxidise,  is  consumed  first.  In 
order  to  obtain  accurate  results,  the  proportion  of  indigo  should 
be  such  as  to  require  about  twice  the  quantity  of  permanganate 
which  would  be  consumed  by  the  tannin  alone.  Thus,  if  indigo 
alone  requires  10  cc.  of  permanganate  to  decolorise  it,  the  indigo 
and  tannin  together  must  not  take  more  than  about  15  cc.  ; if  it 
does  so,  the  tannin  must  be  diluted  accordingly.  The  total  astrin- 
gent matters  being  known,  the  next  step  is  to  throw  the  tannin 
out,  and  estimate  the  gallic  acid  and  impurities.  100  cc.  of  the 
infusion  are  mixed  with  50  cc.  of  the  salted  gelatine  infusion ; after 
stirring,  100  cc.  of  the  salt  acid  solution  are  added,  and  the 
mixture  allowed  to  stand  for  twelve  hours.  It  is  then  filtered, 
and  an  aliquot  part  of  the  filtrate  is  oxidised  by  permanganate 
and  indigo,  as  before. 

L()wenthal  gives  the  following  example  ; 10  grms.  of  sumach 
were  boiled  in  750  cc.,  and  after  cooling  made  up  to  one  litre  : 


(1.)  10  cc.  of  sumach  infusion, 
25  cc.  of  indigo  solution, 
Do, 


consumed, 

repeated, 


Permanganate. 

16-6 

16-5 


50  cc.  of  indigo  solution  alone, 


Total  permanganate  for  20  cc.  of  sumach, 

(2.)  50  cc.  fdtrate  from  the  gelatine,  ) , 

25  cc.  indigo  solution,  I consumed. 

Do., 


repeated. 


33  T 
. 13-2 

. 19-9 
. 11-2 
IIT 


22-3 

50  cc.  indigo  alone,  13-2 

Gallic  acid  and  impurities,  . . . . . 9-1 

Deducting  9T  cc.  from  19-9  cc.  equals  10-8  cc.  as  permanganate,, 
equivalent  to  the  tannin  of  20  cc.  of  sumach  infusion,  or  0-2  grms. 
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of  dry  sumach.  It  is  well  to  ascertain  the  value  of  the  perman- 
ganate solution  by  oxalic  acid,  adopting  the  numbers  given  by 
Neubauer  and  Osex' — viz.,  that  0-063  oxalic  acid  is  equal  to 
0-04157  gallo-tannic,  and  -062355  quex’citannic  acids.  Shoxxld 
it  be  preferi’ed  to  use  tannin,  the  purest  commei’cial  tannin  must 
be  precipitated  by  lead,  the  precipitate  freed  from  lead  in  the 
usual  way,  and  the  solution  of  pure  tannin  then  evapoi'ated  to  com- 
plete dryness,  and  a solution  of  convenient  strength  made.  The 
process  I’equii’es  but  little  modification  to  be  applicable  to  tea. 

The  amount  of  tannin  iix  genuine  teas  seems  to  be  valuable, 
the  lowest  number  being  apparently  about  8 per  cent.,  whilst  Mi\ 
Wigner,  as  example  of  very  astringent  teas,  gives  the  following: — 


Exhausted  tea  leaves  yield  fi’om  2 to  4 per  cent  of  tannin.  A 
tea  giving  only  6 or  7 per  cent,  of  tannin  is  to  be  I'egarded  as 
suspicious,  but  care  must  be  taken  not  to  rely  upon  any  single 
indication. 

§ 44.  The  Extract. — The  exti’act  is  a measux-e  of  the  soluble 
matter  in  tea.  Peligot  exhausted  the  leaves  and  then  i-edried 
them,  and  thus  estimated  the  soluble  matter  by  diffex*ence. 
Wanklyn,  howevei',  has  ixroposed  a more  rapid  and  convenient 
method.  It  consists  in  taking  10  grms.  of  tea,  and  boiling  with, 
500  cc.  of  watex-,  the  flask  being  adapted  to  a Liebig’s  condensex'. 
When  50  cc.  are  distilled  over,  the  process  is  stopped,  and  the 
50  cc.  retux-ned  to  the  flask;  50-3  grms.  of  the  hot  strained  liquid 
are  then  weighed  out  and  evaporated  to  dx'yness.  Wigner  boils 
with  a vertical  condexiser  for  axx  houx’,  and  fixxds  that  1 per  ceixt. 
strength  yields  the  xixost  constaixt  results.  Perhaps,  on  the 
whole,  the  best  process  is  the  following  : — Place  oxxe  part  of  tea  ixx 
100  of  water,  boil  for  one  hoxxr  with  a vertical  coxxdenser,  axxd 
then  take  axx  aliquot  part  of  the  filtered  liquid  for  evapox-atioix. 
In  every  case  the  time  occupied  in  boiling,  and  the  strength, 
should  be  mexitioxied  in  reporting,  for  two  aixalysts  operatixxg  by 
diflerent  xnethods  may  differ  as  xxiuch  as  6 or  8 per  cent. — the 
soluble  matter  not  beixxg  exxtirely  reixioved  for  a vexy  long  time. 
Since  the  substaxxces  that  are  at  oxxce  dissolved  are  really  those 
upon  which  its  commercial  value  depends,  it  is  a qxxestioix  whether 
it  would  ixot  be  better  simply  to  pour  boiling  water  oxx  the  leaves, 
let  the  infusion  stand  for  oxxe  hour,  and  theix  estimate  the 
extract,  calling  it  extract  of  infusion. 


Per  cent. 


Moyone  young  Hyson, 

Very  choice  Assam, 

Indian  young  Hyson, 

Assam  tea  from  Dr.  M'Namara’s  garden. 
Caper,  mixed. 


;i9-o 

33-0 

39-0 

27-7 

42-3 
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addition  of  exhausted  leaves  lowers  the  percentage  of 
The  following  are  some  determinations  of  extract : — 


Per  cent. 

Analysed  by 

Java  tea,  dried, 

35-2 

Peligot. 

, , not  dried, 

32-7 

99 

Pekoe,  ordinary,  dry. 

41-5 

99 

, , undried, 

38  0 

99 

Gunpowder,  dry, 

51-9 

9 9 

,,  undried, 

48-5 

99 

,,  dry,  . 

46-9 

9 9 

,,  undried. 

50-2 

99 

Moyone  Gunpowder, 

40-7 

Wigner. 

99  • 

39-3 

9 9 

99 

38-5 

99 

99 

37-9 

99 

9 9 

33-3 

99 

Imperial,  dry,  . 

43  T 

Peligot. 

,,  not  dried. 

.39-6 

9 9 

dry,  • 

47-9 

9 9 

,,  not  dried. 

44-0 

9 9 

Hyson,  dry,  . 

47-7 

99 

,,  not  dried. 

43-8 

9 9 

Hyson  skin,  dry. 

43-5 

9 9 

,,  not  dried. 

39*8 

99 

Congou,  .... 

36-8 

9 9 

,,  dried. 

40-9 

9 9 

„ bon,  . 

40-7 

9 9 

„ „ dried. 

45-0 

99 

99  .... 

33  0 

Wigner. 

99  .... 

29-8 

99 

9 9 

29-8 

9 9 

99  .... 

26-2 

9 9 

9)  * 

26  T 

9 9 

Caper,  dried,  . 

39-3 

Peligot. 

,,  not  dried. 

35-8 

99  .... 

37-9 

Wigner. 

99  .... 

37-7 

9 9 

99  .... 

32-4 

9 9 

99  ’ 

30-0 

9 9 

Assam,  dried,  . 

45-4 

Peligot. 

,,  not  dried,  . 

41-7 

o 

9 9 

99  .... 

33-3 

Wigner. 

Hyson,  .... 

36-8 

9 9 

Moyone  Young  Hyson,  . 

44-8 

9 9 

Tea  direct  from  China,  dry. 

41  -7 

Wanklyn 

99  9 9 • 

40-2 

9 9 

9 9 9 9 

41-2 

9 9 

Indian  Tea,  dry, 

33-9 

A.  Wynt 

99  . * * * 

43-8 

Wigner. 

Broken  Indian, 

43-4 

9 9 

Indian  Souchong, 

32-r> 

9 9 

Scented  Orange  Pekoe,  . 

34-2 

9 9 

Manuna,  line. 

37-0 

9 9 

Himalayan  Tea, 

38 -6 

Wanklyn 

99 

35-4 

9 9 
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Since  tlie  extract  of  genuine  tea  appears  to  vary  from  2G  per 
cent,  up  to  more  than  40  per  cent.,  it  is  unfortunately  of  no 
very  great  value  for  purposes  of  estimation.  The  extract,  after 
being  weighed,  is  burnt  up  to  an  ash,  which  will  always  be  found 
to  be  heavy,  rich  in  alkaline  salts,  and  varying  usually  from  4 to 
7 per  cent. 

§ 45.  The  Ash. — The  percentage  of  total  ash  is  taken  by  burn- 
ing up  1 to  5 grms.  of  the  tea  in  a platinum  dish.  The  leaves 
readily  ignite,  and  the  operation  may  take  place  at  a very  low 
temperature,  so  that  there  is,  with  care,  very  little  volatilisation 
of  chlorides.  The  comparative  composition  of  the  ash  of  fresh 
and  of  exhausted  tea  leaves  is  shown  in  the  following  table  : — 


ZOLLEK. 

Hodges. 

ZOELEK. 

WlGNEK. 

Ash  of 
fine  young 
Himalaya 
Tea. 

Tea  from 
C a char 
(indigen- 
ous). 

Tea  from 
Cachar 
(hybrid). 

Exhaust- 
ed Tea 
Leaves. 

Ash  of  a 
number  of 
Mixed 
Black  Teas 

Ash  of  a 
number  of 
Mixed 
GreenTeas 

Potash, 

39-22 

35-200 

37-010 

7-34 

30-92 

28-42 

Soda, 

0-65 

4-328 

14-435 

0-59 

1-88 

2-08 

Magnesia,  . 

6-47 

4-39G 

5-910 

11-45 

• • • 

• • • 

Lime, 

4-24 

8-986 

5-533 

10-76 

• • • 

• • • 

Oxide  of  Iron,  . 

4-38 

2-493 

2-463 

9-63 

• • • 

• • < 

Manganous  Oxide 

1-03 

1-024 

0-800 

1-97 

, , , 

• • • 

Phosphoric  Acid, 

14-55 

18-030 

9-180 

25-41 

• • • 

• • • 

Sulphuric  Acid, 

trace. 

5-040 

6-322 

trace. 

4-88 

5-66 

Chlorine,  . 

0-81 

3-513 

2-620 

trace. 

• • • 

• • • 

Silica  and  Sand, 

4-35 

0-500 

1-300 

7-57 

1-70 

7-50 

Charcoal,  . 

• • • 

2-900 

1-830 

• • • 

• • • 

• • • 

Carbonic  Acid,  . 

24-30 

13-590 

12-600 

25-28 

11-60 

6-43  1 

1 

100-00 

100-00 

100-00 

100-00 

Percentage  of  ) 

1 

total  Ash  sol-  [ 

...  1 

. . . 

• • « 

• • • 

57-00 

52-85 

uble  in  water,  ) 

' 

The  ash,  on  being  cooled  and  weighed,  is  next  boiled  up  witli 
a little  water,  the  soluble  portion  filtered  from  the  insoluble,  and 
washed  in  the  ordinary  way.  The  filtrate  is  evaporated  to  dryness, 
very  gently  ignited,  and  i-eturned  in  percentage  as  soluble  ash. 
The  insoluble  portion  is  next  treated  with  acid,  and  the  remaining 
sand  dried,  ignited,  and  weighed.  The  alkalinity  of  the  solubh' 
portion  should  also  be  taken,  and  may  be  returned  as  potash.  This 
simple  examination  of  the  ash,  consuming  very  little  time,  gives 
tolerably  well  all  the  information  afforded  by  a complete  and 
exhaustive  analysis.  The  following  table  shows  a few  percentages 
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of  ash,  and  may  he  compared  with  the  percentages  of  beech, 
bramble,  &c. : — 


© , 

O 

2’S 

<3  0) 
^ o 

^ 

o a 

CO  ^ 

c3 

P 

.£3 

CO 

ci 

o 

Authority. 

Ash 

in 

Pe 

►d  S o 

CO  •«-’  Cj 

c ^ 

K 

(w 

Average  of  17  orclinary\ 

Teas  from  original  | 
chest,  consisting  of  f 
2 Indian,  12  Congous,  / 
2 Gunpowders,  and  1 1 
Hyson,  . . J 

5'75 

3-07 

2-25 

0-43 

1-38 

G.  W.  Wigner. 

S 

Maximum, 

G-03 

3-35 

2-87 

0-7G 

1-88 

ty 

Minimum, 

5 -.53 

2-75 

1-99 

0-15 

1-17 

Average  of  25  special) 
Teas,  . . j 

5 '95 

3-33 

2-09 

0-53 

1-38 

yy 

Maximum, 

7-02 

3-88 

2-G8 

1-G7 

1-9G 

yy 

Minimum, 

5T7 

2-G4 

1-33 

0-04 

1-08 

yy 

Genuine  Indian  Tea,  . 

5-61 

2-90 

... 

... 

A.  WynterBlyth. 

Common  Tea, 
Paraguay  Tea, 

5-92 

3-55 

• •• 

... 

• . . 

Wanklyn. 

G-28 

4-22 

... 

. . . 

yy 

Average  of  7 Teas, 

5-75 

• . . 

A.  S.  Wilson. 

,,  9 Teas, 

5-GG 

3 -bo 

• . . 

A.  H.  Allen. 

Ilorneman’s  p.  black,  . 

.5-30 

3-50 

... 

. . . 

„ green,  . 

5 -GO 

3-80 

• . . 

... 

yy 

Ambrosial  black,  . 

5-GO 

3-40 

... 

... 

Genuine  blk.,  2s.  Gd.  lb., 

5 -GO 

3-09 

5-70 

3-28 

... 

yy 

G-02 

3-2G 

G-34 

3-20 

... 

. . 

G-10 

3-9G 

... 

5-75 

3-OG 

. • • 

„ :is.  lb.. 

5 -.50 

3-55 

... 

... 

P>rokeii  leaf  with  stalks. 

5-40 

2-80 

. . 

... 

Caper  (4 ’8  silica), 
Mixed,  dry  exhausted! 

11-40 

1-50 

... 

... 

n 

leaves  from  various  V 

4-30 

0-52 

... 

... 

teas,  . . . ) 

Coffee  leaves, 

10-32 

3-77 

Beech,  .... 

1 4 -.52 

2-00 

... 

Wanklyn. 

Bramble, 

4-53 

1-84 

• . • 

. • 

„ 

Jlaspberry,  . 

7-84 

1-72 

... 

• •• 

yy 

Hawthorn,  . 

8-05 

3-78 

. .. 

... 

Willow, 

9-34 

4-lG 

... 

... 

. . . 

Plum,  .... 

9-90 

5-GG 

... 

I'llder,  .... 

1 10-G7 

3-19 

1 

I 

Gooseberry,  . 

13-50 

7-83 

... 

j ... 

... 

yy 

All  the  analyses  liitherto  published  show  that  the  percentage 
of  ash  in  genuine  tea  never  reaches  8 per  cent.  An  ash  beyond 
8 per  cent.,  calculated  on  the  dried  tea,  is  cei’tainly  adulterated. 
In  the  same  manner,  all  genuine  tea  possesses  soluble  ash  not 
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less  than  3 per  cent.  For  examples  of  obviously  impure  ashes, 
Mr.  Wigner’s  paper  may  be  quoted  from  again  : — 


Total  Ash. 

Ash 

Soluble  in 
Water. 

Soluble  in 
Acid. 

Silica. 

Alkali, 
calculated 
as  Potash. 

Extract. 

Gunpowder,  . . 

19-73 

1-00 

6-15 

12-58 

0-14 

37-78 

Caper,  .... 

14-44 

1-95 

2-47 

10-02 

1-03 

35-45 

9 > • . . . 

15-20 

1-69 

5-35 

8-16 

0-61 

31-60 

15-08 

1-96 

5-65 

7-47 

0-73 

35-60 

12-74 

2-68 

5-44 

6-62 

1-04 

• « • 

1 

1 >9  .... 

14-60 

2 '67 

5-67 

6-06 

1-04 

... 

t All  these  teas,  although  imported  in  this  state,  are  evidently 
mixed  with  sand  to  a considerable  extent. 

§ 46.  Determination  of  Gum. — If  it  is  necessary  to  determine 
the  gum  in  tea,  as  sometimes  happens,  the  aqueous  decoction 
should  be  evaporated  nearly  to  an  extract,  and  the  residue 
treated  with  methylated  spirit,  filtered,  and  washed  v/ith  the 
spirit.  The  gum  is  dissolved  off  the  filter  by  the  aid  of  hot 
water,  and  the  solution  evajDorated  to  dryness,  and  weighed ; it 
is  then  ignited  to  an  ash,  and  the  mineral  deducted  from  the 
1 1 total  weight. 

1 1 §47.  General  Review  of  the  Adulterations  of  Tea. — The  most 

frequent  are  certainly  the  addition  of  sand,  generally  strongly 
impregnated  with  iron,  the  addition  of  foreign  and  exhausted 
leaves,  and  the  addition  of  astringent  princq^les,  such  as  catechu, 
&c.  All  these  adulterations  must  take  place  abroad,  there  being 
I no  evidence  that  a single  hundredweight  of  tea  has  been  tampered 
I with  in  England, — the  blame  may  lie  with  the  home-ti'aders, 
i.  but  proof  is  wanting.  On  the  other  hand,  it  not  unfrequently 
[ haj)pens  that  cargoes  of  tea  recovered  from  sunk  vessels,  or 
t teas  damaged  in  some  other  way,  are  sold  and  blended  by  whole- 
I sale  manufactiu’ers  with  those  that  are  genuine.  Snch  samples 
I contain  usually  an  excess  of  salt,  and  show  more  or  less  evidence 
of  the  addition  of  exhausted  leaves. 

' The  facing  of  tea  is  rapidly  decreasing.  There  has  been  much 
I dispute  as  to  whether  this  is  to  be  considered  an  adulteration 
f or  not  j a thin  film  of  graphite,  or  any  other  harmless  substance, 
in  such  quantity  as  to  add  no  appreciable  weight,  can  hardly  be 
called  adulteration.  Each  case,  however,  must  be  judged  of  by 
its  merits.  A small  addition  of  such  a substance  as  catechu,  to 
impart  astringency,  is  probably  frequent,  and  difficult  of  detection. 
Any  amount  present,  to  the  extent  of  3 per  cent,  or  over,  is 
shown  by  precipitating  an  infusion  of  the  tea  with  a slight  excess 
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of  neutral  load  acetate,  filtering,  and  adding  a little  dilute  ferric 
chloride  solution.  If  catechu  be  present  there  is  a bright-green 
colour,  and  ultimately  a precipitate  of  a greyish-green  colour. 
The  same  infusion  filtered  from  the  lead  precipitate  gives  a 
copious  precipitate  with  argentic  nitrate.  Mr.  Allen  has  pointed 
out  the  advantage  of  his  lead  process  in  cases  of  adulteration 
with  catechu,  and  it  is  self-evident ; for  catechuic  acids  possess 
a precipitating  power  so  widely  different  from  that  of  tannin, 
that,  if  reckoned  as  tannin,  there  are  always  anomalous  results, 
indicating  a much  higher  astringency  than  could  possibly  exist, 
— e.ff.,  a sample  of  brown  catechu  examined  in  this  way,  and 
reckoned  as  tannin,  gives  the  paradoxical  number  of  1 1 per  cent. 

Soluble  iron  salts,  alkaline  carbonates,  and  other  substances,  are 
stated  to  be  occasionally  added,  but  no  conviction  relative  to  these 
appears  to  be  on  record.  The  soluble  iron  salts  may,  of  course, 
be  dissolved  from  the  tea  leaves  by  a little  cold  dilute  acetic  acid, 
and  the  liquid  tested  in  the  usual  way ; there  is  then  no  confusion 
between  the  iron  naturally  present  and  that  added. 
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II.— COFFEE. 

§ 48.  Coffee  is  tlie  produce  of  tlie  Caffea  arahica,  nat.  order 
Cinchonacea.  Before  use,  the  berries  are  roasted  to  a chocolate 
brown,  and  then  ground  in  a mill.  The  effect  of  the  roasting 
is  to  drive  off  a large  quantity  of  water,  to  volatilise  a small 
portion  of  caffeine  or  theine,  to  destroy  a portion  of  the  sugar  by 
changing  it  into  caramel,*  and  to  swell  the  berry  by  the  extrica- 
tion of  gases,  consisting  principally  of  carbonic  acid. 

§ 49.  Chemical  comiwsition. — The  chemical  composition  of  coffee 
is  somewhat  complex;  its  main  properties  are  apparently  due 
to  four  distinctive  substances — (1.)  An  essential  oil,  but  little 
studied;  (2.)  Caffeo-tannic  acid;  (3.)  Caffein  or  theine ; (4.)  A 
fatty  substance. 

Caffeine  is  described  at  p.  85. 

§ 50.  Caffeo-tannic  Acid,  was  first  observed  by  Pfaff, 

in  the  seeds  and  leaves  of  the  coffee  plant;  it  also  occurs  in  the 
root  of  the  Chiococcu  racemosa,  and  in  the  leaves  of  the  Ilea; 
paraguayensis,  S.  Hil.  It  may  be  separated  from  coffee  by  frac- 
tional precipitation  of  the  infusion  with  acetate  of  lead.  The 
precipitate,  at  first  falling,  consists  of  citrate  with  caffeo-tannate 
of  lead;  but  later  on,  the  latter  occurs  alone,  and  can  be  washed 
with  water  and  decomposed  by  SH2  in  the  usual  way.  Caffeo- 
tannic  acid  thus  obtained  is  a brittle,  yellowish  mass,  easily 
powdered,  and  of  feeble  acid  reaction.  It  is  scarcely  soluble  in 
ether,  but  dissolves  easily  in  water  or  in  alcohol.  The  solution 
gives  a dark-green  colour  with  chloride  of  iron,  or  if  dissolved  in 

* Graham  and  Stenhouse  found  the  following  differences  in  the  percentage 
of  sugar  between  the  raw  and  roasted  coffees : — 


Highest  amount, 

Raw. 
Per  cent. 
7*78 

Roasted. 
Per  cent. 
1T4 

Lowest  amount,  . . . . _ . 

5-70 

• •• 

Average  of  tw'elve  specimens  grown  in) 

0-97 

0-26 

different  places,  . . . } 
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aqueous  solution  of  ammonia,  the  alkaline  eai’ths,  or  the  alkalies, 
a reddish-yellow  or  yellow  colour.  If  caffeo-tannic  acid  be 
decomposed  with  3 parts  of  solid  potash,  the  end  product  is  pro- 
tocatechuic  acid.  If  it  be  boiled  with  5 parts  of  potash-lye  (1-25 
specific  gravity)  for  three  quarters  of  an  hour,  and  then  neutra- 
lised by  sulphuric  acid,  cafteic  acid  (CgllgO^)  crystallises  out,  and 
can  be  obtained  in  straw-yellow  j)risms  and  plates  by  recrystal- 
lisation. from  hot  water.  It  colours  chloride  of  iron  grass-green, 
is  oxidised  by  nitric  acid  into  oxalic  acid,  and  is  decomposed  by 
potash  into  protocatechuic  and  acetic  acids. 

§ 51.  Coffee  Fat. — The  coffee  fat  can  be  obtained  from  an  alco- 
holic extract  of  coffee ; part  separates  on  cooling  the  fluid  to  0°C., 
the  rest  on  dilution  with  water.  It  is  white,  without  odour,  of  a 
buttery  consistence,  melting  at  37’5°C.,  and  becomes  rancid  on 
exposure  to  the  air.  According  to  Rochleder  (Wien  Ahad.  Ber., 
xxiv.  40),  it  contains  the  glycei’ide  of  palmitic  acid  and  of  an 
acid  of  the  composition  CJ2H24O2. 

The  following  are  some  analyses  by  O.  Lcvesie  of  various 
commercial  varieties  of  coffee  ; — 


Gummy 

Matter. 

1 

i Caffeine. 

Fat. 

Tannic 

and 

Caffeo- 

tannic 

Acids. 

Cellulose. 

Ash. 

Potash. 

Phos- 

phoric 

Acid. 

Finest  Jamaica  Plan-") 
tation,  . . . ) 

Finest  Green  Mocha, 
Ceylon  Plantation,  . 
Washed  llio,  . 

Costa  Kica, 

Malabar,  . 

East  Indian, 

25-3 

22- r. 

23- 8 
27-4 
20-0 
25-8 

24- 4 

1-43 

0- 04 

1- 53 
1-14 
1-18 
0-88 
1-01 

14-70 

21-79 

14- 87 

15- 95 
21-12 
18-80 
17-00 

22- 7 

23- 1 
20-9 

20- 9 

21- 1 
20-7 

19-5 

33-8 

29- 9 

30- 0 

32- 5 

33- 0 

31- 9 

39-4 

3- 8 

4- 1 
4-0 
4-5 
4-9 
4-3 

1- 87 

2- 13 

0-31 

0-42 

0-27 

0-51 

0-40 

0-60 

Some  analyses  of  Dragendorff  may  be  also  quoted  : — * 


* We  give  also  a very  elaborate  analysis  of  coffee  made  by  Payen,  at  a 
date  when  food  analysis  was  not  so  well  understood  as  now.  It'  is  probably 
a fair  approximation  as  regards  the  more  important  constituents,  but  the 
percentage  of  ash  can  hardly  be  correct. 

Cellulose, 

Water  (llygros.), 


Fat, 

Glucose,  Dextrine,  &c., 
Leguminc, 

Caffcatc  of  Potash  aud  Caffeine, 
Nitrogenous  substance,  . 

Free  Caffeine, 

Concrete  Essential  Oil,  . 
Aromatic  Fluid  Essential  Oil 
Ash,  .... 


10  to 


5 to 


34-000 

12-000 

13-000 

15-500 

10-000 

5-000 

3-000 

0-800 

0-001 

0-002 

G-G97 


§ 62,  53.J 


COFFEE. 


109 


Caffeine. 
Per  cent. 

Ash. 
Per  cent. 

Potash. 
Per  cent. 

Phosphoric 
Acid. 
Per  cent. 

1.  Brown  Preanger,  . 

0-71 

4-80 

0-42 

2.  Mocha,  yellow,  xery  fine. 

0-64 

4-06 

213 

0-42 

3.  Menado,  yellow, 

1-22 

4 03 

0-39 

4.  ,,  blue. 

1-38 

411 

. • . 

0-36 

5.  Alexandrian  Mocha, 

0-84 

4-19 

. . . 

0-44 

6.  Jamaica  Plantagen,  very  fine. 

1-43 

3-83 

1-87 

0-31 

7.  Surinam,  1st  quality  (Java),  . 

8.  Preanger,  .... 

1-78 

4-39 

... 

0-56 

0-93 

4-36 

0-35 

9.  Surinam,  2nd  quality  (Java),  . 

1-04 

4-77 

. . . 

0-33 

10.  Ceylon  Plantagen,  . 

0-78 

4-02 

• • . 

0-31 

11.  Yellow  Java, 

12.  West  Indian  (Java), 

0-88 

4-31 

0-28 

1-22 

4-21 

• •• 

0-32 

13.  Mysore,  .... 

1-23 

4-20 

2*12 

0-31 

14.  Malabar,  .... 

0-88 

4-27 

. • 

0-60 

15.  Java,  ..... 

2-21 

401 

. . 

0-41 

16.  Costa  Rica,  .... 

1-18 

4-94 

0-46 

17.  Ceylon  Plantagen,  . 

1-53 

4 00 

. . * 

0-27 

18.  Washed  Rio,  .... 

1-14 

4 ‘53 

0 61 

19.  Native  Ceylon, 

1-14 

4-65 

. . • 

0-72 

20.  ,,  ,,  1st  quality. 

0-87 

4-65 

... 

0-41 

21.  ,,  ,,  2nd  ,, 

1-54 

4-80 

. > » 

0-44 

22.  African  Mocha, 

0-70 

4-70 

2-80 

0-38 

23.  Jamaica,  .... 

1 0-67 

4-82 

2-83 

0-42 

24.  Native  Ceylon,  3rd  quality,  . 

1-59 

4-87 

2-60 

0-40 

25.  Santos, 

1-46 

4-81 

2-67 

0-48 

§ 52.  Analysis  of  Coffee. — The  hygroscopic  moisture, 
theine,  gum,  astringent  principles,  and  ash,  are  all 
I determined  precisely  as  in  the  case  of  tea. 

The  coffee  fat  may  he  conveniently  estimated  by 
I ])utting  a known  quantity  in  the  little  apparatus 
I figured  (see  Fig.  11).  The  a and  h tubes  are  packed 
with  glass  wool ; the  one  is  connected  with  a flask, 
i the  other  with  an  upright  Liebig’s  condenser.  The 
! flask  contains  a small  quantity  of  petroleum  ether, 
which  by  means  of  a water-bath  is  distilled  through 
the  coffee,  condensing  perpetually,  and  falling  back 
into  the  flask.  When  the  process  is  finished,  the 
I petroleum  is  evaporated  to  dryness  in  a tared  dish. 
As  thus  obtained,  the  fat  is  almost,  but  not  quite, 
pure. 

§ 53.  Adulterations  of  Coffee  and  their  Detection. 

The  sophistications  usually  enumerated  ai’e  • 
chicory,  roasted  wheat  and  beans,  rye  and  potato 


Fig  11. 
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flours,  mangel-wurzel,  acorns,  and  burnt  sugar.  The  coffee  is 
usually  adulterated  when  in  powder,  but  patents  have  been 
taken  out  for  compressing  ground  coffee  with  chicory  into  the 
shape  of  berries. 

The  sophistication  of  coffee  was  at  one  time  a regularly- 
organised  industry ; and  there  existed,  ten  years  ago,  two  manu- 
factories in  France — one  at  Lyons  and  the  other  at  Havre — 
expressly  established  for  the  purpose  of  mixing  coffee  with  burnt 
cereals  and  the  scorched  outer  covering  of  cocoa.  Without 
venturing  to  assert  that  coffee  is  at  the  present  time  adulterated 
in  England  with  chicory  alone,  it  is  certain  that  other  admix- 
tures are  of  the  greatest  rarity. 

A preliminary  examination  will  in  a few  minutes  detect,  so 
far  as  chicory  is  concerned,  whether  it  has  been  added,  or  not. 
If  the  ground  coffee  be  sprinkled  on  water,  nearly  the  whole  of 
it  floats ; if  chicory  be  present,  the  chicory  separates  and  sinks  to 
the  bottom,  imparting  a brown  colour  to  the  liquid.  In  this  way, 
indeed,  a tolerably  complete  sejiaration  of  coffee  and  chicory  may 
with  care  be  obtained.  The  portions  Avhich  sink  to  the  bottom 
are,  of  course,  examined  microscopically.  They  are  always  soft 
to  the  touch,  very  different  from  the  hard,  gritty  feeling  of  coffee 
particles;  and  put  under  the  microscojie,  the  difference  of  struc- 
ture is  at  once  apparent,  for  the  loose,  large  cells  of  the  chicory 
root,  with  dotted  vessels  and  branching  laticiferous  ducts,  arc 
readily  seen  and  appreciated.* 

When  chicory  is  mixed  with  coffee,  the  chemical  composition 
of  the  mixture  shows,  in  some  particulars,  a marked  deviation 
from  that  of  pure  coffee. 

Letheby’s  analysis  of  chicory  is  as  follows  : — 


Hygroscopic  Moisture, 

Gummy  Matter,  .... 

Raw  root. 

. 77-0 

Kiln-dried. 
15  0 

. 7-5 

20-8 

Glucose  or  Grape  Sugar,  . 

11 

10-5 

Bitter  Extractive,  .... 

. 4-0 

19-3 

Fatty  Matters, ..... 

. 0(5 

1-9 

Cellulose,  Inuline,  and  Woody  Matter, 

. 9 0 

29-5 

Ash, 

. 0-8 

3 0 

omposition  of  the  roasted  root : — 

(1) 

(2) 

Hygroscopic  Moisture, 

. 14-5 

12-8 

Gummy  Matter,  .... 

. 9-5 

14-9 

* Chicory  is  so  readily  detected  that  we  scarcely  require  a direct  chemi- 
cal test.  A.  Franz  has,  however,  pointed  out  that  an  infusion  of  coffee,  when 
treated  with  copjier  aeetate  and  liltered,  yields  a greenish-yellow  filtrate ; 
an  infusion  of  coffee  containing  chicory  yields,  when  similarly  treated  a 
dark  red-brown  filtrate. — Arch.  Plmrm.  [5],  29S-302. 
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Glucose, 

. 12-2 

10-4 

Matter  like  Burnt  Sugar,  . 

. 29-1 

24-4 

Fatty  Matter,  .... 

. 2-0 

2-2 

Brown  or  Burnt  Woody  Matter, 

. 28-4 

28-5 

Ash, 

. 4-3 

6-8 

0 ash  of  these  had  the  following 

composition : — 

Chlonde  of  Potassium, 

. 0-22 

0-45 

Sulphate  of  ,, 

. 0-97 

0-98 

Phosphate  of  ,, 

. 1 -41 

1-37 

,,  Magnesia, 

. 0-90 

0-53 

,,  Lime,  . 

. 0-40 

0-81 

Carbonate  of  ,, 

. 0-10 

0-26 

Alumina  and  Oxide  of  Iron, 

. 0-20 

0-20 

Sand, 

. 0-70 

2-20 

Chicory  influences  the  composition  of  coffee  as  follows  : — 

(1.)  It  deci’eases  the  gum,  the  latter  seldom  rising  in  chicory  to 
! more  than  15  per  cent.,  whilst  in  coffee  it  has  not  been  found  less 
: than  21  up  to  28  per  cent. 

(2.)  It  increases  the  sugar,  roasted  coffee  having  seldom  so 
much  as  2 per  cent,  of  sugar ; Avhilst  chicory,  when  roasted,  usually 
has  at  least  8 or  9 per  cent. 

(3.)  It  decreases  the  fatty  matter,  the  fat  of  chicory  ranging 
I from  1 to  over  2 per  cent.,  that  of  coffee  from  about  14  per  cent. 

[ up  to  over  20  per  cent. 

(4.)  It  decreases  the  tannin  and  caffeo-tannic  acids,  chicory 
being  destitute  of  tannin. 

(5.)  It  decreases  the  caffeine,  chicory  possessing  no  alkaloid. 

(G.)  It  profoundly  modifies  the  constitution  of  the  ash, 
especially  by  introducing  silica,  which  is  not  a component  of 
coffee  ash.  The  main  differences  are  thus,  as  follows  : — 


Silica  and  Sand,  . 
Carbonic  Acid,  . 
Sesquioxide  of  Iron, 
Cblorine, 
Phosphoric  Acid, 
Total  Soluble  Ash, 


Coffee  Ash. 
Per  cent. 

14-92 
0-44  to  0-98 
0-26  to  1-11 
10  to  11 
75  to  85 


Chicory  Ash. 
Per  cent. 

10-69  to  35-88 
1-78  to  3-19 
3-13  to  5-32 
3 -28  to  4-93 
5 to  0 
21  to  35 


Mr.  Allen  has  proposed  to  calculate  the  percentage  of  chicory 
in  a mixture  from  the  soluble  ash  data  by  the  following  formula : — 


^ (100s-l-74> 

C-  3 


1*74  is  assumed  as  the  average  soluble  ash  of  chicory,  3 per  cent, 
as  that  of  coffee.  This  is  of  course  only  proposed  as  a rough 
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guide,  and,  like  all  calculations  of  the  kind,  must  not  he  rashly 
used. 

By  making  standard  infusions  of  pure  coffee  and  chicory,  and 
then  taking  the  same  weight  of  the  suspected  coffee,  and  com- 
paring the  colour,  it  is  possible  to  obtain  a very  accurate  idea 
of  the  quantity  of  chicory  added. 

Leebody  recommends  this  to  be  done  as  follows  : — Take  1 grm. 
of  the  unknown  mixture,  and  1 gian.  of  a standard  mixture  of 
equal  parts  of  chicory  and  coffee  ; remove  all  the  colouring-matter 
from  each  sample,  anti  make  the  extract  of  each  up  to  the  same 
l)ulk.  Put  50  cc.  of  the  filtered  extract  from  the  unknoion 
mixture  in  a Nessler  cylinder,  and  determine  by  trial  how  many 
cc.  of  the  extract  from  the  standard  mixture,  together  with 
sufficient  distilled  water  to  make  up  the  50  cc.,  will  give  the 
same  colour.  In  calculating  the  percentage  of  chicory  present, 
closely  accurate  results  are  obtained  in  practice  by  assuming  the 
tinctorial  power  of  chicory  to  be  three  times  that  of  coffee. — 
(J.  Pt.  Leebody,  Chemical  Neivs,  xxx.  243.) 

Messrs.  Graham,  Stenhouse,  and  Campbell  proposed  to  take 
the  density  of  different  infusions  of  coffee,  &c.,  as  a guide  to  its 
adulteration;  and  this  is  found  in  practice  to  work  tolei-ably  well, 
and  to  give  approximative  results.  The  following  solutions  were 
made  by  them  by  first  treating  the  powder  of  the  roasted 
substance  with  ten  times  its  weight  of  cold  water,  boiling,  and 
filtering,  and  determining  the  density  at  G0°  F. : — 


Spent  Tan,  ...... 

1002 -14 

Lupine  Seed, ...  ... 

1005-70 

Acorns, 

1007-30 

Peas,  ....... 

1007-30 

Mocha  Coffee,  ..... 

1008-00 

Beans,  ....... 

1008-40 

Neilglierry  Coffee, ..... 

1008-40 

Plantation  Ceylon  Coffee, 

1008-70 

Java  Coffee,  ...... 

1008-70 

Jamaica  Coffee,  ..... 

1008-70 

Costa  llica  Coffee, 

1009-00 

1009-05 

Native  Ceylon  Coffee,  . 

1009-00 

Brown  Malt,  ...... 

1010-90 

Parsnips,  ...... 

1014-30 

Carrots,  ...... 

1017-10 

Bouka,  ....... 

1018-50 

Yorkshire  Chicory,  .... 

1019-10 

Black  Malt, 

1021-20 

Turnips, 

1021-40 

Pyc-raeal, 

1021-60 

English  Chicory,  ..... 

1021-70 

Dandelion  Boot,  ..... 

1021-90 

Bed-Beet, 

1022-10 

1 § 53.]  ^ COFFEE.  113 


Foreign  Chicory,  .......  1022 ‘60 

Guernsey  Chicory, 1023  20 

Mangel-wurzel,  .......  1023 ’50 

Maize, 1025 ‘30 

Bread-Easpings,  1026 ‘30 


Allen  {Chemical  News,  March  27,  1874)  gives  as  the  result  of 
his  estimations  of  the  density  of  pure  coffee  1008-7,  and  proposes 
' the  following  formula,  hy  which,  when  prepared  as  above,  the 
proportion  of  chicory  to  coffee  may  be  calculated.  C represents 
: the  percentage  of  coffee,  D the  density  of  the  solution  : — 

„ (1020-6 -D)100 
^ ' 12 

In  regard  to  other  adiilterations,  a great  variety  of  starch- 
» holding  substances,  with  the  cereals,  may  be  entirely  excluded, 

' as  certainly  not  present,  if  no  dirty-blue  or  violet  coloration  is 
produced  by  iodine  in  an  infusion  of  coffee.  In  order  to  apply 
this  test  properly,  the  infusion  should  be  decolorised,  which  is 
most  rapidly  done  by  a solution  of  permanganate  of  potash. 
Coffee  itself,  as  before  stated,  contains  no  starch. 

Burnt  sugar,  or  caramel,  is  usually  detected  by  observing  the 
I rapid  darkening-  of  water  on  which  a little  coffee  is  sprinkled,  and 
the  particles  (on  examination  in  water  by  the  microscope)  reveal 
themselves  by  the  absence  of  organised  structure,  and  the  coloured 
ring,  arising  from  partial  solution,  round  each. 
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III.— COCOA  AND  CHOCOLATE. 

§ 54.  The  cocoa  of  commerce  is  made  from  the  roasted  seeds  * 
of  the  Theohroma  cacao,  a tree  belonging  to  tlie  natural  order 
Bijttneriacece,  whole  forests  of  which  exist  in  Demerara.  It  is 
also  more  or  less  extensively  grown  in  Central  America,  Brazil, 
Peru,  Caraccas,  V enezuela,  Ecuador,  Grenada,  Essequibo,  Guaya- 
quil, Surinam,  and  some  of  the  West  Indian  Islands;  and  its 
cultivation  has  also  been  attempted  (in  most  cases  successfully) 
in  the  East  Indies,  Australia,  the  Philippine  Islands,  the  Mamitius, 
Madagascar,  and  Bourbon. 

The  principal  kinds  of  cocoa  in  commerce  are  known  under 
the  names  of  Cai'accas,  Surinam,  Trinidad,  Grenada,  Jamaica, 
Dominica,  Guayaquil,  Venezuela,  Bahia,  Brazil,  and  St.  Lucia. 
The  seeds  are  officinal  in  the  French  and  Norwegian  pharma- 
copeias. They  are  ovate,  flattened,  2 to  2^-  cm.  [-7  to  ‘9  inch]  long, 
and  1 to  cm.  [-39  to  -58  inch]  broad,  and  covered  with  a thin 
red  or  grey-brown  friable  shell.  The  taste  of  the  fresh  seed  is 
oily,  bitter,  and  rather  unpleasant. 

The  seeds,  on  being  submitted  to  a kind  of  fermentation  (tech- 
nically called  the  sweating  process),  lose  in  a great  measure  this 
disagreeable  flavour,  and  develop  an  aromatic  smell.  Seeds  which 
have  been  subjected  to  this  treatment  are  best  suited  for  the 
manufacture  of  chocolate,  while  those  which  have  been  simply 
roasted  are  richer  in  cocoa-butter. 

§ 55.  Microscoincal  Structure  of  the  Seed. — The  seed,  when 
deprived  of  the  husk,  consists  for  the  most  part  of  several 
irregularly-shaped  angular  divisions,  filled  with  a large  number 
of  oval  cells,  within  which  is  contained  a peculiar  starch,  as 
well  as  a fatty  matter.  Near  the  surface  these  cells  are 
angular,  and  of  a pronounced  red  colour,  but  the  tint  is  some- 
what variable. 

The  starch-granules  are  perfectly  round,  normal  measurement 
about  0-52  mm.  [-00021  inch],  and  are  often  seen  to  have  a some- 
what obscure  starred  hilum.  They  strike  a pronounced  blue 
colour  with  iodine. 


* The  seeds  simply  dried  are  also  sold. 
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The  husk  contains  from  without  inwards  the  following  struc- 
tures ; — 

(1.)  A superficial  layer  of  large,  very  characteristic  tubular 
fibres,  containing  granular  matter  and  little  corpuscles. 

(2.)  A single  layer  of  elongated  cells,  with  their  greatest 
diameter  transversely  to  the  axis. 

(3.)  Large  angular  cells  in  several  layers ; those  in  the  centre 
mucilaginous,  constituting  the  greatest  bulk  of  the  envelope. 

(4.)  A very  delicate  membrane,  formed  of  small  cells,  enclos- 
ing fatty  matters.  This  membrane  adheres  to  the  almond, 
and  portions  of  it  may  always  be  seen  in  the  chocolates  of 
commerce. 

Another  hyaline  and  fibrous  stiuicture  connected  with  the  last, 
and  full  of  crystals,  is  usually  described,  as  well  as  isolated,  dark, 

1 elongated  bodies.  The  whole  sti’uct\ire,  therefore,  is  complex  in 
a high  degree,  but  familiarity  with  the  appearance  presented  by  the 
different  portions  of  the  seeds  is  readily  obtained. 

§ 56.  The  commercial  varieties  of  Cocoa  are  very  numerous  ; — 
Cocoa  nibs  are  simply  the  bruised  roasted  seeds  deprived  of  their 
coverings  j and  flake  cocoa  is  composed  of  the  nibs  ground  in  a 
particular  form  of  mill.  The  soluble  cocoas  are — ground  cocoa, 
diluted  with  sugar  and  starches,  e.^.  : — 

Ep2)s'  cocoa,  according  to  an  analysis  advanced  as  evidence 
in  the  case  of  Gibson  v.  Leafer,  is  composed  of  cocoa  40  per  cent., 
sugar  44  per  cent.,  and  starch  16  per  cent. 

Granulated  cocoa,  is  mostly  a mixture  of  nibs,  arrow-root,  and 
sugar ; Homoeopathic  cocoa,  a prej^aration  of  the  same  kind  with- 
out the  sugar;  Maravilla  cocoa,  contains  sugar  and  much  sago 
flour;  and  Cocoa  essence,  cocoatine,  &c.,  consist  of  pure  cocoa 
deprived  of  60  to  70  per  cent,  of  its  fat. 

The  above  are  examples  only.  The  analyst  is  liable  to  meet 
any  day  with  some  new  patent  cocoa,  for  the  consumption  of 
this  food  is  greatly  on  the  increase.'" 

§ 57.  Chocolate. — In  the  manufacture  of  chocolate  the  cocoa- 
nibs  are  ground  in  a mill,  the  rollers  of  which  are  usually  heated 
by  steam,  so  as  to  soften  the  cocoa-butter ; and  in  this  way  a paste 
is  formed  which  is  mixed  with  refined  sugar,  and  very  often  other 
substances,  and  pressed  into  moulds.  Some  of  the  receipts  for 
chocolate  are  as  follows  : — 

(1.)  French  Chocolate. — 2 beans  of  Yanilla  rubbed  into  a powder 
with  sugar,  and  1 lb.  of  best  sugar  to  every  3 lbs.  of  cocoa 
nibs. 

* That  the  consumption  of  cocoa  is  increasing,  is  evidenced  by  the  quantity 
imported — in  round  numbers,  10,000,000  lbs.  in  1S7G,  against  9,000,000  lbs. 
in  1875. 


116  A MANUAL  OF  PRACTICAL  CHEMISTRY.  [§  58. 

(2.)  Spanish  Chocolate, — {a.)  Curagoa  cocoa  11,  sugar  3,  Vanilla 
cinnamon  cloves  -j-hi-  (^-)  Caraccas  cocoa  10,  sweet 
almonds  1,  sugar  3,  Vanilla 

Vanilla  Chocolate. — A chocolate  paste  highly  flavoured  witli 
Vanilla,  and  generally  with  other  spices  as  well,  {a.)  Caraccas 
cocoa  7,  Mexican  Vanilla  cinnamon  and  sufficient  cloves 
to  flavour.  (5.)  Best  chocolate  paste  21,  vanilla  4,  cinnamon 
cloves  and  musk  in  small  quantities. 

The  chocolates  of  English  commerce  yield  hut  little  cocoa- 
butter, since  they  are  mostly  prepared  from  the  cake  left  after 
expression  of  the  oil. 

§ 58.  The  average  chemical  composition  of  cocoa,  according  to 
Mr.  Wanklyn,  is  as  follows  : — 


Cocoa  Butter,  . . . . . . 50  '00 

Theobromin,  ......  1 ‘50 

Starch, 10 '00 

Albumen,  Fibrin,  and  Gluten,  . . . IS'OO 

Gum, 8-00 

Colouring  Matter,  . . . . . 2’60 

Water, 6 00 

Ash, 3-60 

Loss,  &c., 0-30 


100  00 

The  peculiar  constituents  of  cocoa  are  then  two,  viz. — cocoa- 
butter  and  theobromin. 

Cocoa-hutter,  Oleum  theohrovicc,  speciflc  gravity,  0-96  to  0'98;* 
melting  point,  29°  to  30°C. ; solidifying  point,  24°C.,  is  a yellowish- 
white,  concrete  oil  about  the  consistency  of  tallow,  with  a choco- 
late colour,  and  an  agreeable  taste.  At  common  temperatures 
it  is  brittle,  the  fracture  is  smooth  and  equal,  and  examined  by 
a lens  it  is  somewhat  crystalline.  It  is  fully  soluble  at  ordinary 
temperatures  in  two  parts  of  ether,  in  half  a part  of  benzole,  as 
well  as  in  100  parts  of  cold  and  20  parts  of  hot  absolute  alcohol; 
its  solution  is  entirely  neutral  to  test  paper.  If  adulterated  with 
tallow,  wax,  paraffin,  or  stearin,  the  speeific  gravity  will  be 
altered,  and  it  will  not  dissolve  to  a clear  solution  in  the  quan- 
tity of  ether  named  above.  Pure  cocoa  butter  does  not  become 
rancid,  however  long  it  is  kept;  but  the  admixture  of  most 
foreign  fats  impairs  this  property.  Cocoa  butter  is  usually  said 
to  consist  of  cocoa  stearin,  which  separates  in  warty  masses  on 
evaporating  an  ethereal  solution,  and  has  a melting  point  of 
65°C._  with  a little  olein.  Kingzett  has,  however,  recently 
described  two  new  fatty  acids  obtained  from  eocoa  fat,  one  of 

Its  specific  gravity  was  formerly  given  as  from  -89  to  -91;  but 
Fltickiger,  as  well  as  Hirscli,  has  shown  that  this  is  too  low.  ' 
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^ whicli  has  the  empiric  formula  Cg4H^2s02,  and  the  subject  ap- 
i pears  to  require  further  research.  The  best  method  of  extracting 
! the  fat  is  to  exhaust  the  nibs  with  ether  in  the  apparatus 
) figured  at  p.  109  (Fig  11). 

1 Cocoa  should  contain  at  least  20  per  cent,  of  cocoa  fat ; if  less 
li  than  that  is  found,  it  should  be  returned  as  adulterated.’^ 

I § 59,  Theohromin,  C7HgN^02. — This  alkaloid  was  discovered  in 
] 1841  by  Woskresensky,  in  the  seeds  of  the  Theohroma  cacao  ; it 
I principally  resides  in  the  cotyledons,  and  in  smaller  quantities 
i}  in  the  seed-coverings.  The  average  yield  of  theobromin  appears 
:l  to  be  11  per  cent. 

j The  original  method  of  separation  pursued  by  Woskresensky 
< was — exti-action  on  the  water-bath  with  distilled  water,  filtering 
b through  linen,  precipitating  with  sugar  of  lead,  refiltering,  freeing 
the  filtrate  from  excess  of  lead  by  SH2,  evaporating  to  dryness, 
and  subsequent  purifying  of  the  residue  by  solution  in  spirit, 

' and  treatment  with  animal  charcoal.  Mitscherlich,  again,  boils 
( the  cocoa  with  a weak  solution  of  sulj)huric  acid  in  order  to 

(change  the  starch  into  sugar,  saturates  the  fluid  with  carbonate 
of  lead,  and  ferments  it  with  yeast  to  destroy  the  sugar.  On 
t]ie  conclusion  of  the  fermentation,  the  fluid  is  boiled,  neutralised 
with  soda,  filtered,  concentrated  by  evaporation,  and  the  impure 
ri  brown  theobromin  which  separates  boiled  in  hot  nitric  acid, 
d This  nitric  acid  solution  is  precipitated  by  ammonia,  again 
H dissolved  in  nitric  acid,  and  the  nitrate  obtained  by  evaporation, 
i According  to  Mitscherlich,  the  quantity  obtained  in  this  way  is 
: much  greater  than  by  other  processes. 

I A speedy  method  of  determining,  with  very  fair  exactitude, 
the  percentage  of  theobromin  in  cocoa,  is  to  exhaust  a weighed 
quantity  with  petroleum  ether,  mix  the  residue  with  a little 
;i  burnt  magnesia  and  water,  evaporate  to  dryness  at  G0°  to  70°C., 
and  then  exhaust  the  residue  with  boiling  alcohol  of  80  per  cent., 
which  dissolves  out  the  theobromin.  On  driving  off*  the  alcohol 
by  evaporation,  the  substance  may  be  purified  sufficiently  for 
weighing  purposes  by  washing  with  petroleum  ether.  Theobromin 
forms  microscopic  rhombic  needles. 

It  is  generally  thought  to  sublime  between  296°  and  295°C. 
without  decomposition,  but  this  temperature  is  many  degrees  too 
high.  The  writer  finds  that  a minute  fragment,  placed  in  the 
subliming  cell  elsewhere  described,  begins  to  give  fine  nebulm 
at  134°C.,  and  on  examining  the  mists  by  a high  power,  they  are 
resolved  into  extremely  minute  dots ; distinct  crystals  are  ob- 
tained at  temperatures  of  170°C.  and  above.  Theobromin  is 

* 20  per  cent,  is  the  standard  of  the  Society  of  Analysts ; but  in  the 
writer’s  opinion  this  is  much  too  low,  accoi'ding  to  published  analyses. 
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insoluble  in  petroleum  etlier,  and  not  very  soluble  in  ether, 
1 part  requiring  COO  parts  of  boiling,  and  1,700  parts  of  cold, 
ether.  It  is  soluble  in  alcohol,  1 part  requiring  47  parts  of 
boiling,  and  1,460  of  cold,  alcohol.  Its  solubility  in  water  is 
stated  to  be  1 in  55  parts  at  100°C.,  1 in  GOO  parts  at  20°,  and  1 
in  1,600  at  0°.  It  is  somewhat  soluble  in  chloroform  and  warm 
amyl  alcohol,  but  with  difliculty  soluble  in  benzole. 

Theobromin  forms  easily  crystallisable  salts.  The  simple 
neutral  salts  are  decomposed  by  water,  with  the  formation 
of  basic  salts,  and  lose  their  acid,  if  it  is  volatile,  at  100°C. 
A hydrochloride  of  theobromin,  C^HgN^OgjIICl ; a nitrate, 
CyHgN^OgjNHOg;  a platinum  salt,  C^HgN^OgjHClPtOlg  + 2H2O, 
are  all  very  definite  crystalline  comjiounds.  A noteworthy  salt  is 
the  nitrate  of  silver,  which  is  formed  by  adding  a solution  of 
argentic  nitrate  to  a solution  of  nitrate  of  theobromin;  in  a short 
time  there  separate  silver- white  needles,  very  insoluble  in  water, 
of  the  composition  CylTgN^Op,  ISFHOo  + AgNOo. 

The  other  precipitants  of  theobromin  are — phosphomolybdic 
acid  (yellow)  and  chloride  of  gold  (long  needles).  Tannic  and 
picric  acids  only  produce  turbidity,  while  potass,  mercuric  iodide 
and  potass,  cadmium  iodide  do  not  precipitate.  A characteristic 
reaction  of  theobromin  is  that  produced  by  peroxide  of  lead 
and  sulphuric  acid.  If  peroxide  of  lead  and  diluted  sulphuric 
acid  are  heated  with  theobromin,  avoiding  an  excess  of  the 
oxidising  agent,  COg  is  developed,  and  the  colourless  filtrate  of 
sulphate  of  lead  gives  off  ammonia  with  potash,  separates  sulphur 
on  treatment  with  Sllg,  stains  the  skin  purple-red,  and  colours 
magnesia  indigo-blue. 

Theobromin  is  poisonous  to  kittens  (and  other  animals  of  simi- 
lar size)  in  such  lai’ge  doses  as  a gi'amme.  It  ap])ears  to  be 
separated  by  the  kidneys,  and  could  probably  be  discovered  in 
the  urine  of  any  person  taking  large  quantities  of  cocoa.  The 
method  of  research  successfully  used  by  Mitscherlich'  is  as 
follows  : — The  urine  is  acidified  with  IICl,  filtered,  and  to  the 
filtrate,  acidified  with  nitric  acid,  a solution  of  phosphomolybdate 
of  soda  is  added.  The  precipitate  is  collected,  and  treated  with 
baryta  water  until  it  is  strongly  alkaline,  warmed,  filtered,  and 
the  filtrate  evaporated ; the  residue  extracted  with  alcohol,  re- 
filtered, and  the  filtrate  again  evaporated.  This  last  residue  is 
dissolved  in  a drop  of  hydrochloric  acid,  and  precipitated  by 
ammonia.  The  alkaloid  may  now  be  collected  and,  if  necessary, 
purified. 

§ 60.  The  Ash. — The  composition  of  the  ash  of  cocoa  seeds  is 
stated  by  Mr.  Wanklyn,  from  an  analysis  made  in  his  laboratory, 
to  be  as  follows  : — 
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Composition  of  Ash  of  Cocoa-Seeds. 

Per  cent. 


Potash, 29-81 

Chloride  of  Sodium,  . . . . G-10 

Ferrous  Oxide,  . . . . . P60 

Alumina, 2-40 

Lime,  .......  7'72 

Magnesia,  ......  7'90 

Phosphoric  Acid,  .....  24 -28 

Sulphuric  Acid, 1-92 

Carbonic  Acid,  .....  0-98 

Silica,  . . . . . ■ . . 5-00 

Sand, 12-15 

The  percentages  of  ash  found  in  cocoa,  are  given  as  follows  : — 

Percentage 
of  ABh. 

Common  Trinidad,  .....  3 '37 

Very  line  Trinidad,  . . . . . 3 "62 

Fair,  good,  fine  Trinidad,  . . . . 3-64 

Fine  Grenada,  . . . . . . 3-06 

Caraccas,  .......  4-58 

Bahia  (Brazil), 3-31 

Fine  Surinam  (small), 3-06 

Mexican,  ....  . . .4-27 

Dominican,  . . . . . . 2-82 

African,  . . . . . . . 2-68 

Mean  of  the  twelve  being  . . . 3-39 


Thus  the  lowest  determination  is  3-OG,  the  highest  4‘58  per 
cent.  The  nibs  show  a lower  ash  than  the  shell.  The  nibs  of 
the  Caraccas  give  3-95  per  cent,  of  ash,  2-00  being  soluble  and 
1-95  insoluble  in  water.  The  nibs  of  Mexican  seeds  give  2'59 
per  cent,  of  ash,  -89  parts  being  soluble  and  1-70  insoluble  in 
water.  The  ash  of  the  shell  is  rich  in,  but  the  nib  almost  devoid 
of,  carbonates.  Mr.  Heisch  has  also  recently  examined  the  cocoas 
of  commerce,  with  the  results  embodied  in  the  following  tables  : — 

Examination  of  Roasted  Beans  after  Removal  of 

THE  Husk. 


Husk. 

Fat. 

Nitrogen. 

Albumi- 

noids. 

Ash. 

Caraccas,  . 

13-8 

48-4 

1-76 

11-14 

3-95 

Trinidad,  . 

15-5 

49-4 

1-76 

11-14 

2-80 

Surinam,  . 

15-5 

54-4 

1-76 

11-14 

2-35 

Guayaquil, 

11-5 

49-8 

2-06 

13-03 

2-50 

Grenada,  . 

14-6 

456 

1-96 

12-40 

2-40 

Bahia, 

9-6 

50-3 

1-17 

7-40 

2-60 

Cuba, 

12-0 

45-3 

1-37 

8-67 

2-90 

Para, 

8-5 

54-0 

2-00 

12-66 

305 
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Ash. 

soluble  in 
Water. 

Ash 
soluble 
in  HCl. 

H3PO4 

in 

Ash. 

Jloisture. 

Starch, 
Gum,  Cel- 
lulose, &c. 

Caraccas,  . 

2-15 

1-80 

1-54 

4-32 

32-19 

Trinidad,  . 

0-90 

1-90 

0-93 

3-84 

32-82 

Surinam,  . 

0-80 

1-85 

1-23 

37G 

28-35 

Guayaquil, 

175 

175 

1-87 

4-14 

30-47 

Grenada,  . 

0-60 

1-80 

1-35 

3-90 

35-70 

Bahia, 

0-90 

170 

1-26 

4-40 

35-30 

Cuba, 

0-95 

1-95 

113 

372 

39-41 

Para, 

P40 

1-G5 

1-00 

3-9G 

26-33 

The  above  analyses  fully  corroborate  Mr.  Wanklyii’s  statement 
as  to  the  constancy  of  the  percentage  of  phosphoric  acid  in  cocoa 
ash,  Mr.  Heisch’s  highest  determinate  is  1'87,  his  lowest  -93, 
giving  a mean  of  1 "28  per  cent,  phosphoric  acid  in  the  dry  bean 
after  removal  of  the  husk, 

§ Gl.  Adulterations  of  Cocoa. — The  list  of  adulterations  usually 
given  is  as  follows  : — Sugar,  starches,  Venetian  red,  brick-dust, 
and  peroxide  of  iron.  Some  of  these  sophistications,  such  as  the 
starches,  may  be  detected  by  a preliminary  microscopical  exami- 
nation, which  in  no  instance  should  be  neglected.  The  ordinary 
chemical  examination  consists  in  the  extraction  of  the  fat  as 
before  described  (p.  IIG),  the  estimation  of  the  percentage  of 
ash  in  the  ordinary  way,  its  division  into  soluble  and  insoluble, 
and  its  content  of  phosphoric  acid.  By  a simple  estimation  of 
the  fat  and  the  chief  constituents  of  the  ash,  supplemented  by  the 
use  of  the  microscope,  all  known  adulterations  can  be  detected. 
The  amount  of  phosphoric  acid  in  the  ash  of  soluble  cocoas  may 
be  taken  as  a basis  of  calculation  of  the  amount  of  cocoa,  and 
in  the  absence  of  foreign  seeds,  or  other  phosphate-producing 
.substance,  the  calculation  will  be  a fair  approximation  to  the 
truth.  The  ash  itself  and  the  amount  of  phosphoric  acid  will, 
of  course,  be  very  notably  diminished  in  the  case  of  the  soluble 
cocoas,  and  the  percentage  of  the  phos])horic  acid  will  in  such 
instances  be  a fair  guide  to  the  amount  of  foreign  admixture. 
For  example,  supjiose  a soluble  coeoa  to  yield  an  ash  of  1 -5  per 
cent.,  -G  of  which  is  due  to  phosphoric  acid;  taking  as  a basis 
of  calculation,  '9  per  cent.*  of  phosphoric  acid  in  cocoa  nibs : — 


•G  X 100 


= G6-G 


* The  lowest  percentage  given  by  Mr.  Heisch,  and  but  little  different 
from  Mr.  Wanklyn’s. 
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That  is,  the  mixture  contains  about  6 6 -6  per  cent,  of  cocoa. 
The  amount  of  starch  in  cocoa  may  be  determined  in  the  ordinary 
way,  as  described  at  p.  16,  but  the  process  is  somewhat  tedious, 
and  may  be  dispensed  with,  since  the  extract  in  cold  water  is 
always  a guide  to  the  adulteration  of  starchy  substances.  Cocoa 
nibs  treated  in  this  way  give  to  water  about  6 ‘76  per  cent,  of 
organic  matter  and  2T6  of  ash.  The  determination  of  theobro- 
min  may  possibly  be  of  use,  but  no  sufficiently  accurate  and 
speedy  process  for  technical  purposes  is  as  yet  known. 

§ 62.  Adulterations  of  Chocolate, — Oil  of  almonds,  cocoa-oil,  beef 
and  mutton  fat,  starches,  cinnabar,  chalk,  and  various  other 
substances  are  usually  enumerated ; a few  of  these  are,  however, 
apocryphal. 

The  analysis  of  chocolate  is  conducted  on  exactly  the  same 
principles  as  that  of  soluble  cocoa.  If  it  is  desired  to  separate 
the  different  constituents,  the  method  recommended  by  A.  Porrier 
may  be  used: — Extract  the  fat  with  ether,  and  the  sugar  with 
alcohol  of  20°,  and  dissolve  the  starch  out  by  boiling  water. 
The  liquid  holding  the  starch  is  then  decolorised  by  animal 
charcoal,  and  the  starch  precipitated  by  alcohol  of  50  per  cent., 
dried,  and  weighed.  But  as  regards  adulteration,  the  procedure 
recommended  in  the  case  of  cocoa  will  be  found  quite  efficient, 
and  less  cumbersome  and  tedious. 
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PART  Y. 


ALCOHOL  — ALCOHOLIC  LIQUIDS. 


I. —ALCOHOL. 

§ 63.  The  term  alcohol,  in  its  strict  chemical  sense,  applies  only 
to  the  neiitral  compounds  of  oxygen,  carbon,  and  hydrogen,  which 
by  the  action  of  acids  form  ethers.  The  principal  alcohols  are 
enumerated  in  the  following  table  : — 


Table  exhibiting  the  Properties  of  the 
Principal  Alcohols. 


Alcohols. 

Formula. 

Specific  Gravity. 

Vapour. 
Eel.  Wt. 
H=l. 

Boiling  Point. 

Liquid. 

Vapour. 

Fahr. 

Cent. 

1.  Wood  Spirit,  or^ 
Methylic  Alcohol,  j 

CH4O 

0-798 

1-12 

16 

149-9 

65-5 

2.  Spirit  of  Wine,  or! 
lithylic  Alcohol,  J 

C2H0O 

0-7938 

1-6133 

23 

173- 

78-3 

3.  Tritrylic  or  Pro-  ) 
pylic.  . . . ) 

GiHsO 

0-817 

2-02 

30 

a 

206- 

96-7 

4.  Tetrylic  or  Jiutylic, 

GHioO 

0-8032 

2-589 

37 

2.33- 

111-7 

5.  PouselOil,  or  Amy- 
lie,  _ . . .j 

G.  Hexylicor  Caproic, 

GHr.O 

0-8184 

3-147 

44 

269-6 

1320 

CoHhO 

0-8.33 

3-53 

51 

299-309 

148-154 

7.  Heptylic, 

CrHifiO 

0-819 

• . • 

58 

351- 

176-7 

8.  Octylic  or  Caprylic, 

CsHiaO 

0-823 

4-5 

65 

356- 

180-0 

10.  Laurylic, 

C|2H26fl 

... 

... 

1(5.  Pthal  or  Cetylic,  . 

CigH.hO 

• • • 

• • • 

• • • 

27.  Cerotin  or  Cerylic, 

C^tHogO 

1 

... 

... 

30.  Melissin  or  Mel-1 

li.sylic,  . . . 1 I 

CjoHg:U 

... 

Of  these  cthylic  alcohol,  wood  spirit,  and  fousel  oil  are  the  three 
of  most  importance  to  the  analyst. 

•§  64.  Ethylic  Alcohol,  CgH^O,  specific  gravity,  0-815  at  0°C., 
0-79381  at  60°C.  •,  boiling  point,  78-3°C.  Absolute  alcohol  does 
not  dissolve  common  salt,  nor  does  it  give  a blue  colour  when 
digested  with  anhydrous  sulphate  of  copper,  if  perfectly  water- 
free.  There  is  no  cloudy  appearance  when  mixed  with  water, 
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denoting  the  absence  of  oily  matters.  It  should  be  also  perfectly 
neuti'al  to  test  paper,  and  leave  no  residue  on  evaporation. 

§ 65.  Rectified  Spirit,  as  defined  by  our  own  pharmacopeia, 
should  be  of  specific  gravity  0'S38  ; by  that  of  the  Netherlands, 
0’830  to  0‘834;  of  Germany,  Switzerland,  and  Norway,  0‘833G; 
of  Austria,  0-838;  of  France,  0'83o  to  0-841.  It  should  be 
neutral,  colourless,  volatilising  without  residue,  and  free  from 
other  alcohols.  The  proportion  of  alcohol  in  pure  aqueous  solu- 
tion is  usually  found  by  specific  gravity  tables.  The  table  on 
p.  125  answers  all  the  ordinary  purposes  of  the  analyst. 

Another  method,  sometimes  called  Groning’s,  of  arriving  at 
the  strength  of  dilute  spirits,  is  based  on  the  fact  that  the 
temperature  of  the  vapour  is  an  exact  measure  of  the  strength 
of  the  alcohol.  The  bulb  of  a thermometer  is  put  (on  the  small 
scale)  into  a fiask  with  a bilateral  tube,  and  the  temperature  of 
the  vapour  carefully  noted.  The  following  table  may  be  used  ; — 


Table  showing  the  Alcoholic  Content  by  Volume  of 
Boiling  Spirits  and  of  their  Vapour.  From  the 
Temperature  of  the  latter,  as  observed  by  a Ther- 
mometer. By  Groking. 


Temperature 
of  the 
Vapour 
(F.) 

Alcoholic 
Content  of 
the  Distillate. 
Per  cent. 

Alcoholic 
Content  of 
the  Boiling 
Liquid. 
Per  cent. 

Temperature 
of  the 
Vapour 
(F.) 

Alcoholic 
Content  of 
the  Distillate. 
Per  cent. 

Alcoholic 
Content  of 
the  Boiling 
Liquid. 
Per  cent. 

170-0 

93 

92  i 

189*8 

/ 1 

20 

171-8 

92 

90 

192-0 

()8 

18 

172-0 

91 

85 

194-0 

66 

15 

172-8 

90i 

80 

196-4 

61 

12 

174-0 

90 

75 

198-6 

55 

10 

174-6 

89 

70 

201  -0 

50 

7 

176-0 

87 

65 

203-0 

42 

5 

178-3 

85 

50 

205-4 

36 

3 

180-8 

82 

40 

207-7 

28 

2 

183-0 

80 

35 

210-0 

13 

1 

185-0 

78 

30 

212-0 

0 

0 

1 187-4 

76 

25 

The  boiling-point  is  also  a useful  guide ; for  within  certain 
limits  the  boiling-point  of  alcoholic  liquids  is  not  materially 
altered  by  admixture  with  saline  and  organic  matter.  A ther- 
mometer with  a movable  scale  is  employed.  Before  using  it,  the 
thermometer  is  immersed  in  boiling  distilled  water,  and  the 
212°F.  of  the  scale  accurately  adjusted  to  the  level  of  the  mer- 
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Table  showing  the  Densities  and  Values  of  Spirits  at  60°F., 

CORRESPONDING  TO  EVERY  INDICATION  OF  SyKES’  HYDROMETER, 


Sykes’ 

Hydro- 

meter 

ilndica- 

tion. 

id 

o . 

w.  ft 
O.P. 

Specific 

Gravity. 

Per  cent,  of  Absolute 
Alcohol. 

By 

Measure. 

By 

Weight. 

0 

67-0 

•81520 

95-28 

92-78 

1 

66-1 

•81715 

94-78 

92-08 

2 

65-3 

•81889 

94-31 

91-42 

3 

64-5 

•82061 

93-84 

90-78 

4 

63-6 

•82251 

93-33 

90-07 

5 

62-7 

•82441 

92-80 

89-36 

6 

61-8 

•82622 

92-29 

88-67 

7 

60-9 

•82800 

91-77 

87-99 

8 

60-0 

•82978 

91-25 

87-30 

9 

59-1 

•83L51 

90-74 

86-63 

10 

58-2 

•83323 

90-23 

85-96 

11 

57-3 

•83494 

89-72 

85-30 

12 

56-4 

•83661 

89-21 

84-65 

13 

55 '5 

•83827 

88-70 

84-00 

14 

54-6 

•83993 

88-17 

83-33 

15 

53-7 

•84153 

87-67 

82-70 

16 

52-7 

•84331 

87-10 

81-99 

17 

51-7 

•84509 

86-51 

81-26 

18 

50-7 

•84680 

85-95 

80 -.58 

19 

49-7 

•84851 

85-39 

79-89 

20 

48-7 

•85022 

84-81 

79-19 

21 

47-6 

•85-205 

84-19 

78-44 

22 

46-6 

•85372 

83-61 

77-74 

23 

45-6 

•85537 

83-04 

77-07 

24 

44-6 

•8.5700 

82-47 

76-39 

25 

43-5 

•85878 

81-85 

75-66 

26 

42-4 

•86055 

81-21 

74-92 

27 

41-3 

•86229 

80-59 

74-19 

28 

40-2 

•86402 

79-97 

73-47 

29 

39-1 

•86574 

79-34 

72-75 

30 

38-0 

•86745 

78-71 

72-03 

31 

36-9 

•86915 

78-08 

71 -.32 

32 

35-7 

•87099 

77-40 

70 -.54 

33 

34-5 

•87282 

76-71 

69-77 

34 

33-4 

■87450 

76-08 

69-06 

35 

32-2 

•87627 

75-41 

68 -.32 

36 

31-0 

•87809 

74-72 

67 -.55 

37 

29-8 

*87988 

74-03 

66-79 

38 

28-5 

•88179 

73-29 

65-98 

39 

27-3 

•88355 

72-60 

65-23 

40 

26-0 

•88.544 

71-86 

64-43 

41 

24-8 

•88716 

71-17 

63-68 

42 

23-5 

•88901 

70-43 

62-89 

43 

22-2 

•89086 

69-69 

62-10 

44 

20-9 

•89268 

68-95 

61-32 

45 

19-0 

•89451 

68-21 

60-53 

46 

18-3 

•89629 

67-47 

59-76 

47 

16-9 

•89822 

66-67 

58-92 

48 

15-6 

•89997 

63-93 

58-15 

49 

14-2 

•90182 

65-14 

.57*34 

50 

12-8 

•90367j 

64-34 

56-52 

Sykes’ 

Hydro- 

meter 

Indica- 

tion. 

•*^  d 

Specific 

Per  cent,  of  Absolute 
Alcohol. 

<D  ^ 

o 

00  ft 

O.P. 

Gravity. 

By 

Measure. 

By 

Weight. 

51 

11*4 

•90551 

63-54 

55-70 

52 

10-0 

•90732 

62-74 

54-89 

53 

8-6 

•90913 

61-94 

54-09 

54 

7-1 

•91107 

61-09 

53-23 

55 

5-6 

•91299 

60-24 

52-38 

56 

4*2 

•91479 

59-43 

51*57 

57 

2-7 

•91666 

58-58 

50-73 

58 

1-3 

U.P, 

•91839 

57-78 

49-94 

59 

0-3 

•92037 

56-86 

49-04 

60 

1-9 

•92228 

55-96 

48-17 

61 

3-4 

•92408 

55-10 

47*33 

62 

5-0 

•92597 

54-19 

46*46 

63 

6*7 

•92798 

53-22 

45-53 

64 

8-3 

•92984 

52-30 

44-65 

65 

10*0 

•93176 

51-36 

43-76 

66 

11-7 

•93367 

50-39 

42-84 

67 

13*5 

*93586 

49-34 

41-86 

68 

15*3 

•93758 

48-31 

40-90 

69 

17-1 

•93949 

47-29 

39-96 

70 

18-9 

•94135 

46-29 

39-04 

71 

20*8 

*94327 

45-20 

38-04 

72 

22*7 

•94518 

44-09 

37-03 

73 

24-7 

•94709 

42-96 

36-01 

74 

26*7 

•94899 

41-82 

34-98 

75 

28-8 

•95092 

40-63 

33-92 

76 

31  -0 

•95288 

39-40 

32-82 

77 

33-2 

•95484 

38-10 

31-68 

78 

35-6 

•95677 

36-76 

30-50 

79 

38-1 

*95877 

35-32 

29-24 

80 

40-6 

*96068 

33-90 

28-01 

81 

43-3 

•96259 

32-41 

26-73 

82 

46-1 

*96457 

30-77 

25-32 

83 

49-1 

*96651 

29-08 

23-88 

84 

52-2 

•96846 

27-31 

22-38 

85 

55*5 

•97049 

25-39 

20-77 

86 

59-0 

•97254 

23-41 

19 -n 

87 

62-5 

•97458 

21-39 

17-42 

88 

66-0 

•97660 

19-41 

15-78 

89 

69*4 

•97857 

17-46 

14-16 

90 

72-8 

•98057 

15-51 

12-56 

91 

76*1 

•98261 

13-58 

10-97 

92 

79-2 

•98452 

11-85 

9-56 

93 

82-3 

•98657 

10-04 

8-08 

94 

85-2 

•98866 

8-28 

6-65 

95 

88-0 

•99047 

6-83 

5-48 

96 

90*7 

•99251 

5-25 

4-20 

97 

93*3 

•99448 

3-80 

3-03 

98 

95-9 

*99658 

2-31 

1*84 

99 

98-2 

•99851 

•997 

•793 

100 

... 

1-00000 

... 
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cury ; it  is  tlien  ready  for  an  operation  of  several  hoiu’S,  or  even  an 
entire  day,  if  no  considerable  variations  of  atmospheric  pressure 
are  experienced.* 


Table  exhibiting  the  Boiling-points  op  Alcohol  and 
Water  of  the  Given  Strengths.  By  Gronino. 


Boilii^-point 

(F.) 

Alcohol 
per  cent, 
per  Volume. 

' 

Boiling-point 

(F.) 

Alcohol 
per  cent, 
per  Volume. 

205-34 

5 

179 -96 

55 

199-22 

10 

179-42 

60 

195-8 

15 

178-7 

65 

192-38 

20 

177-62 

70 

189-50 

25 

176-54 

75 

187-10 

30 

175-46 

80 

185- 

35 

174-92 

85 

183-38 

40 

174-2 

90 

182-12 

45 

173-14 

95 

181-58 

50 

172- 

100 

§ 66.  Proof  S2)irit,  a term  in  constant  use  for  purposes  of 
excise,  is  a diluted  spirit,  which  was  defined  by  Act  of  Parlia- 
ment (58  George  III.)  to  be  “ such  as  shall,  at  the  temperature 
of  51°F.  (10'5°C.),  weigh  exactly  twelve-thirteenth  parts  of  an 
equal  measure  of  distilled  water.”  According  to  Drinkwater  it 
consists  of — 

Alcohol  by  weight,  . . . . 49  '24 

Water  by  weight,  . . . . 50 ’TO 

100-00 

and  its  specific  gravity  at  15-5°C.  is  0-79381. 

In  the  analysis  of  all  spirits  (seeing  that  the  terms  “proof” 
and  “under  proof”  ai-e  used  and  known  in  the  ti’ade),  the  state- 
ments of  results  should  always  include  the  percentage  of  proof 
spirit. 

§ 67.  7'csts  for  Alcohol. — The  principal  tests  for  alcohol  are  the 
following  : — 

(1.)  Production  of  Acetic  Ether. — To  a distillate,  or  aqueous 
solution  supposed  to  contain  alcohol,  some  acetate  of  soda  is 

In  the  present  work  the  elaborate  tables  of  Gay-Lussac,  Tralles,  &c. , are 
not  quoted,  since  every  analyst  is  certain  to  have  the  ordinary  chemical 
treatises  containing  them  at  hand. 
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added,  and  sulpliuric  acid  in  amount  more  than  sufficient  to 
decompose  the  acetate.  The  flask  containing  the  mixture  is 
connected  with  a Liebig’s  condenser,  placed  vertically,  and  boiled 
i for  a few  minutes ; any  volatile  vapour  is  condensed,  and  falls 
back  again  into  the  flask.  On  removing  the  cork,  if  acetic  ether 
I has  been  produced,  it  can  readily  be  detected  by  its  odour. 

(2.)  Reduction  of  Chromic  Acid  or  Bichromate  of  Potash  to 
Oxide  of  Chromium. — A crystal  of  chromic  acid,  placed  in  a test- 
tube,  with  a fluid  containing  alcohol  warmed  to  a boiling  tem- 
perature, is  decomposed  into  the  green  oxide  of  chromium. 
Instead  of  chromic  acid,  a test-sohition  of  one  part  of  dichro- 
mate of  potash  dissolved  in  300  parts  of  sulphuric  acid,  may  be 
used.  A portion  of  the  liquid  to  be  tried  is  mixed  with  twice 
its  volume  of  concentrated  sulphuric  acid.  On  pouring  a small 
quantity  of  this  mixture  into  a quantity  of  the  test  solution,  a 
deep  green  is  produced  where  one  fluid  touches  the  other.  This 
? is  a very  good  test  in  the  absence  of  other  reducing  agents,  such  as 
formic  acid,  ether,  &c. 

(3.)  Dr.  Edmund  Davy’s  Test. — Dr.  Davy  has  proposed  a test  for 
alcohol  foiinded  on  a colour  reaction,  and  produced  also  by 
methyl,  propyl,  butyl,  and  amyl  alcohols,  ether  and  aldehyde. 
A solution  of  one  part  of  molybdic  acid  in  ten  of  strong  sulphuric 
acid,  is  warmed  in  a porcelain  capsule,  and  the  liquid  to  be 
jtested  allowed  to  fall  gently  on  it.  If  alcohol  is  present,  a blue 
coloration  appears  either  immediately,  or  in  a few  moments ; the 
liquid  gradually  absorbs  moisture  from  the  air,  and  the  colour 
disappears,  but  it  may  be  reproduced  by  evaporation." 

(4.)  The  Production  of  Iodoform. — According  to  Lieben,  one  part 
of  alcohol  in  2000  of  water  can  be  detected  by  adding  to  some  of 
the  warmed  liquid  a little  iodine  and  a few  drops  of  solution 
of  soda ; again  warming  gently,  and  setting  aside  for  a time, 
when  a yellowish  crystalline  deposit  of  iodoform  is  obtained ; 
under  the  microscope  the  latter  presents  the  appearance  of 
hexagonal  plates,  six-rayed,  or  other  vai’ieties  of,  stellar  crystals: 
CgHgO  + 4I2  + G NaHO  = CHI3  -h  NaCHOg  + 5NaI  4-  0H2O.  The 
objection  to  this  test  is,  however,  that  other  alcohols,  aldehyde, 
gum,  turpentine,  sugar,  &c.,  give  a similar  reaction.! 

(5.)  The  Production  first  of  Acetic  Acid,  then  of  Kakodyl. — A 

* Proceedings  of  the  Royal  Irish  Academy  [2  ii.,  579-582.]; /ow?7z.  Chem. 
Soc.,  7,  1877,  p.  108. 

+ Rajewsky  has  found  that  the  brain  Of  a rabbit,  which  had  been 
starved  for  two  days  before  death,  gave  a marked  reaction  for  alcohol  with 
the  iodoform  test,  and  the  same  result  was  obtained  from  the  muscles  and 
tissues  of  rabbits.  He  therefore  considers  that  alcohol  always  exists  in  the 
animal  organism,  or  that  it  is  produced  during  distillation. — Pfuger’s 
Archiv.  fiir  Physiologic,  xi.,  122,  127. 


A MANUAL  OF  PRACTICAL  CHEMISTRY. 


128 


[§  «8. 


very  delicate  test  for  alcohol,  and  one  specially  suited  for  its 
detection  in  the  blood,  &c.,  is  recommended  by  Bucheim.* 

The  finely-divided  substances  are  put  in  a tubulated  retort, 
and,  if  acid,  carefully  neutralised.  In  the  neck  of  the  retort  is 
placed  a little  porcelain  or  platinum  boat,  containing  platinum 
black,  and  at  each  end  there  is  a moistened  piece  of  strongly- 
blued  litmus-paper.  On  warming  the  retort,  if  alcohol  be  present, 
it  is  oxidised  by  the  platinum  black  to  aldehyde  and  acetic 
acid  j hence,  the  hinder  piece  of  litmus-paper  will  be  reddened, 
the  front  one  unchanged.  If  only  a drop  of  acetic  acid  be 
present,  it  is  possible  to  detect  it  in  the  following  way  : — The 
platinum  black  is  washed,  the  washing  water  neutralised  with 
potash,  and  dried  after  the  addition  of  a few  grains  of  arsenious 
acid.  On  warming  the  dry  residue  in  a small  glass  tube,  if  even 
a very  small  admixture  of  acetic  acid  be  present,  the  smell  of 
kakodyl  will  be  perceptible. 

(6.)  The  Action  of  Alcohol  on  Chloride  of  Benzole. — Berthelot 
proposes  as  a test  the  action  of  alcohol  on  chloride  of  benzole. 
Very  small  quantities  of  alcohol  decompose  chloride  of  benzole 
and  benzoic  ether.  Caustic  potash,  again,  decomposes  chloride 
of  benzole,  but  not  benzoic  ether. 

§ 68.  Separation  of  Alcohol  from  Animal  Matters. — In  order  to 
obtain  alcohol  from  organic  matters  {e.g.,  the  contents  of  the 
stomach,  or  the  tissues),  the  following  process  will  be  found  con- 
venient:— Solid  matters,  such  as  the  tissues,  are  cut  up  as  finely 
as  possible,  and  placed  with  water  in  a retort  attached  to  a suit- 
able condenser.  Most  liquids  require  no  previous  preparation, 
and  are  merely  poured  into  the  retort  or  flask,  as  before  de- 
scribed but  it  is  desirable  in  tlie  treatment  of  urine  to  add  a 
little  tannic  acid.  About  one-third  to  one-half  of  the  liquid  is 
distilled  over  into  a flask  closed  by  a mercury  valve.  The  pro- 
duct is  now  made  alkaline  with  caustic  potash  (which  will  fix  any 
volatile  acid,  and  expel  any  volatile  alkali),  and  again  distilled, 
about  one-third  being  drawn  over.  The  liquid  is  next  neutra- 
lised with  sulphuric  acid,  to  fix  volatile  alkalies,  and  redistilled. 
This  final  distillate  contains  all  the  alcohol,  but  neither  volatile 
acids  nor  alkalies.  The  liquid  thus  obtained  may  even  now  be 
too  dilute  to  respond  conveniently  to  tests,  and  it  may  therefore 
be  digested  for  some  hours  with  a little  caustic  lime,  and  then 
very  slowly  distilled.  The  distillate  should  finally  be  carefully 
measured  or  weighed,  and  divided  into  two  parts,  one  of  which 
serves  for  the  application  of  the  usual  tests,  the  other  (if  alcohol 
be  found)  can  be  oxidised  in  the  manner  described  at  p.  131,  and 
estimated  as  acetic  acid  volumetrically. 

* Chem.  Centralh.,  1S54-,  p.  428. 
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II. —ALCOHOLIC  LIQUIDS. 

I § 69,  In  tlic  examination  of  alcoholic  liquors,  one  of  the  analyst’s 
I first  steps  is  to  determine  the  percentage  of  alcohol,  and  the 
methods  by  which  this  is  done  are  equally  a})plicable  (with  slight 
1 modifications)  to  all  liquids  containing  alcoliol.  The  percentage 
I is  ascertained — • 

1 (1.)  By  distillation,  and  taking  the  specific  gravity  of  the 

distillate. 

k (2.)  By  Tabarie’s  method,  applied  especially  to  wines  and 
* beers. 

1 (3.)  By  Geissler’s  vaporimeter. 

t(4. ) By  oxidation  into  acetic  acid,  and  by  several  other  methods, 
which  are,  however,  not  much  in  use  by  the  analyst. 

, (1.)  Distillation. — A convenient  quantity  {e.g.,  100  cc.  of  beer 

I or  wine,  50  cc.  of  spirits,  measured  at  1.5'5°C.)  is  placed  in  a flask 


Fig.  12. 

o 


(a,  Fig,  12),  having  a side  tube  connected  by  means  of  a cork  to  a 
Liebig’s  condenser.  The  distillate  is  received  in  a flask  (6)  pro- 
vided with  a doubly  perforated  cork,  into  which  the  bent  tube  of 
the  condenser,  as  well  as  a tube  provided  with  a mercury  valve, 
to  prevent  loss,  is  adjusted;  the  latter  may  be  readily  made  by 
putting  a very  small  quantity  of  mercury  into  the  bend  of  an 
ordinary  thistle-head  funnel  (c).  This  precaution  is  only  neces- 
sary when  very  small  quantities  are  operated  upon.  Experiments 
with  50  cc.  of  spirit  distilled  into  a flask  unprovided  with  a valve, 
have  shown  that  there  is  no  appreciable  loss;  but  distillation 

I K 
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into  an  open  vessel  will  always  give  results  far  too  low.  Beer 
and  wine  yield  the  whole  of  their  alcohol  when  half  is  drawn 
over ; spirits  should  be  distilled  nearly  to  dryness.  In  any  case,, 
the  distillate  should  be  made  up  to  exactly  the  same  bulk  as  the 
original  liquid  at  the  same  temperature,  its  specific  gravity 
taken  in  a proper  specific-gravity  bottle,  and  the  percentage  of 
alcohol  obtained  by  reference  to  the  tables  given  at  p.  125.  Spirits 
are  best  returned  as  containing  so  much  proof  spirit,  by  weight 
and  by  volume;  wines  and  beers,  so  much  alcohol  per  cent.,  by 
weight  and  by  volume. 

(2.)  Tabari^s  method,  when  properly  performed,  is  sufficiently 
accurate  for  all  practical  purposes  in  the  case  of  beers,  wines,  and 
similar  liquids.  The  specific  gravity  is  first  accurately  taken  at 
15-5°C. ; a measured  quantity — say  100  cc. — is  then  boiled  long 
enough  to  evaporate  away  the  whole  of  the  alcohol,  made  up  to 
the  original  bulk  at  the  same  temperature,  and  its  specific  gravity 
again  determined.  From  these  data  the  specific  gravity  of  the 
liquid  which,  if  it  had  been  condensed,  would  have  collected  in 
the  flask  before -mentioned,  is  determined.  Thus,  specific  gravity 
of  the  liquid  before  boiling,  divided  by  the  specific  gravity  of  the 

de-alcoholised  liquid  = specific  gravity  of 
the  diluted  alcohol  which  has  been  boiled 
away.  An  actual  example  will  suffice: — 
A beer,  before  boiling,  had  a specific  gravity 
of  1’014-j  after  boiling,  and  on  making  it  up 
to  the  original  bulk,  its  specific  graAuty  was 
1‘0172  ; now  ~ "9968,  and  on  refer- 

ence to  the  table  at  p.  125,  *9908  is  found  to 
correspond  to  1-C8  per  cent  of  alcohol. 

(3.)  Geissler’s  Yaporimeter  is  capable  of 
giving  sufficiently  accurate  results  for  tech- 
nical purposes,  and  as  it  has  the  advantage 
of  great  expedition,  it  may  always  be  used 
to  supplement  and  check  other  methods 
which  take  more  time.  It  depends  on 
the  measurement  of  the  tension  or  elastic 
force  of  the  vapour  of  the  liquid,  as  indicated 
l)y  the  height  to  which  it  raises  a column 
of  mercury.  The  apparatus  (see  Fig.  13) 
consists  of  four  parts — viz.,  (1.)  A brass 
vessel  A,  containing  water;  (2.)  a doubly  bent 
tube,  BB,  fixstened  to  a scale ; (3.)  a cylin- 
drical vessel  C,  which  is  filled  with  mercury 
and  the  fluid  to  be  tested;  (4.)  a brass 
vessel  D,  in  the  upper  part  of  which  there  is  a thermometer. 


Fig.  1.3. 
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By  removing  the  bent  tube  and  its  connections  from  A,  it  may 
•be  turned  upside  down,  and  C detached;  the  alcoholic  fluid  is 
then  poured  in  so  as  to  fill  the  space  between  c and  d,  which, 
when  the  instrument  is  inverted,  is  empty.  It  is  now  connected 
with  the  bent  tube,  and  adjusted  exactly  as  in  the  figure,  the 
water  made  to  boil  in  A,  when  the  mercury  runs  up  to  a certain 
height  in  the  tube,  and  the  percentage  is  directly  read  from 
the  scale.  Should  the  thermometer  not  register  100®C.,  cer- 
tain corrections  must  be  mp.de,  which  is  most  conveniently  done 
by  a table,  sold  with  the  instrument.  Care  in  this  manipulation 
must  always  be  taken  to  exclude  air  from  the  bulb. 

(4.)  Oxidation  into  Acetic  Acid  is  an  extremely  accurate  method 
of  determining  vinic  alcohol,  and  is  specially  applicable  to  small 
quantities.  Dr.  Dupre  recommends  the  following  process  : — 
A small  quantity  of  the  distillate,  representing  about  a gramme 
of  alcohol,  is  put  in  a small  strong  assay-flask,  and  mixed  with 
10  cc.  of  an  oxidising  solution,  composed  of  147  grms.  of  bichro- 
mate of  potash  and  220  grms.  of  sulphuric  acid,  made  up  to 
1,400  cc,  by  water.  The  flask  is  well  stoppered  by  caoutchouc,  and 
firmly  tied  down  by  canvas  and  string.  It  is  then  suspended 
upright  in  a water-bath  (the  neck  being  above  the  water), 
and  heated  for  two  hours  between  80°  and  90°C.  The  flask  is 
next  removed,  and  the  excess  of  bichromate  reduced  by  zinc  and 
sulphuric  acid ; the  solution  is  transferred  to  a small  retort 
(adding  some  sulphuric  acid  and  bits  of  tobacco  pipe),  and 
I distilled  over  from  a spermaceti-bath  (see  Fig,  12).  It  will  be  found 
; necessary  to  distil  at  least  thrice  nearly  to  dryness,  each  time 
i adding  water  to  the  contents.  The  united  distillates  contain 
acetic  acid,  the  result  of  the  oxidation  of  the  alcohol.  This 
I acetic  acid  may  be  determined  by  a volumetric  solution  of  soda, 

I and  the  amount  of  alcohol  to  which  it  is  equivalent  calculated 
I by  the  following  short  table  : — 


Acetic  Acid. 

1 

2 

O 


5 

f) 

7 

8 
9 

10 


Alcohol. 

•7666 

1- 5332 

2- 2998 
3 0664 

3- 8330 

4- 5996 

5- 3662 

6- 1328 

6- 8994 

7- 6666 


* It  has  been  shown  by  Wanklyn  that  alcohol  may  also  be  oxidised  into 
I acetic  acid  very  readily  by  an  alkaline  solution  of  permanganate  of  potash  • it 
! would  appear  that  in  this  case  there  is  no  previous  formation  of  aldehyde.^ 
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There  are  several  other  methods  of  estimating  alcohol,  hut  the 
above  are  the  most  practical  and  efficient ; and  whenever  the 
amount  of  alcohol  is  important  (as,  for  example,  in  the  case  of 
spirits)  the  analyst  should  determine  it  in  at  least  two  different 
ways.  The  specilic  gravity  methods  presu})pose  the  presence  of 
ethylic  alcohol  only  ; hut  it  is  sometimes  necessary  to  test  fluids 
also  for  methylic  and  amylic  alcohols.  For  these  the  following 
j:)rocesses  are  available  : — 

§ 70.  Methylic  Alcohol. — 100  cc.  of  the  suspected  spiiat  arc  dis- 
tilled twice,  having  been  rendered  alkaline  during  the  first  pro- 
cess and  acid  during  the  second,  about  two-thirds  being  distilled 
over  each  time.  The  distillate  is  now  shaken  up  with  dry 
jiotassium  carbonate,  and,  after  standing  over  night,  the  upper 
layer  is  taken  off  by  a syphon  or  pipette,  and  again  twice 
distilled,  about  15  cc.  being  driven  over.  This  will  contain  any 
methylic  alcohol  present  in  the  original  100  cc.  A portion  of 
the  distillate  is  now  diluted  with  water  to  a strength  from  10  to 
15  per  cent.,  and  in  this  diluted  spirit  the  alcohol  determined — 
(1.)  By  specific  gravity;  (2.)  by  Geissler’s  vaporimeter;  and,  (3.) 
by  oxidation  into  acetic  acid.  If  ethjdic  alcohol  alone  is  pre- 
sent, all  three  methods  fairly  agree.  The  speciiic  gravity  will 
give  the  total  amount  of  both  alcohols,  the  specific  gravity  of 
aqueous  methylic  and  ethylic  alcohols  being  almost  identical ; 
but  since  methylic  alcohol  has  a higher  vapour  tension  than 
ethylic,  Geissler’s  vaporimeter  will  give  a higher  result.  The 
oxidation  process  will,  on  the  other  hand,  give  a lower  result, 
for  methylic  alcohol  yields  water  and  COg,  so  that  the  acetic  acid 
found  is  derived  wholly  from  the  ethylic  alcohol,  and  the  differ- 
ence between  the  strength  thus  found  and  that  derived  from  the 
specific  gravity  gives  a rough  indication  of  the  proportion  of 
methylic  alcohol  present.  If  the  methylic  alcohol  is  in  sufficient 
(juantity,  instead  of  the  usual  slight  vacuum  on  opening  the 
flask,  there  is  an  escape  of  carbonic  anhydride,  and  tliere*^ is  no 
reason  why  this  gas  should  not  be  cither  absorbed  or  collected 
and  estimated. 

Dr.  Du])r6  gives  the  following  example,  A pure  whisky 
showed — 

Strength  by  specific  gravity,  . . . 9’S.3  per  cent. 


Vaporimeter, 
Oxidation,  . 


The  same  whisky,  adulterated  with  10  per  cent  of  ordinary 
methylated  siiirit,  and  tested,  gave — 
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tStrengtla  by  specific  gravity,  . . 10 'OS  per  cent. 

„ Vaporimetei',  . . . 10 '45  „ 

,,  Oxidation,  . . . 9 ’SO*'  ,, 

The  remainder  of  the  distillate  may  he  used  in  producing  methyl 
aniline  violet  or  oxalate  of  methyl. 

The  general  process  for  the  production  of  methyl  aniline  violet 
i*  as  follows  10  cc.  of  alcohol,  with  15  grins,  of  iodine  and  2 grins, 
of  red  phosphorus,  are  put  into  a small  flask,  and  distilled  into 
30  or  40  cc.  of  water.  The  alcoholic  iodide  which  settles  to  the 
bottom  is  separated  by  a pipette,  and  collected  in  a flask  contain- 
ing 5 cc.  of  aniline.  If  the  action  be  too  violent,  the  flask  can 
be  cooled  with  cold  water ; if  too  slow,  a little  heating  may  be 
necessary.  At  the  end  of  an  hour  the  crystals  are  dissolved  in 
hot  water  and  boiled,  an  alkaline  solution  is  afterwards  added, 
and  the  bases  rise  to  the  top  in  the  form  of  an  oily  stratum, 
■which  may  be  separated  by  bringing  the  oil,  by  the  addition  of 
water,  on  a level  with  the  neck  of  the  flask.  The  oxidation  of 
the  bases  may  be  effected  in  various  ways,  but  best  by  pouring  a 
cubic  centimetre  of  the  oily  liquid  on  10  grins,  of  a mixture  formed 
of  100  grins,  of  quartz  sand,  2 of  cliloride  of  sodium,  and  3 of 
nitrate  of  copper.  After  incorporation  it  is  introduced  into  a 
glass  tube,  and  kept  at  90°C.  in  a water-bath  for  eight  or  ten  hours; 
it  is  ultimately  exhausted  by  warm  alcohol,  thrown  on  a filter, 
and  made  up  to  100°C.  If  the  alcohol  was  pure  the  tint  is  red; 
if  it  contained  1 per  cent,  of  methyl  alcohol  the  colour,  by  the 
side  of  the  preceding,  is  manifestly  violet ; with  2-5  per  cent, 
the  shade  is  a very  distinct  violet ; and  with  5 per  cent,  it 
is  considerably  darker.  The  process  may  be  made  quantitative 
by  having  volumetric  solutions  of  methyl  and  ordinary  alcohol. 
Very  minute  quantities  of  methyl  alcohol  may  be  detected  by 
adding  5 cc.  of  the  liquid  to  95  cc.  of  ■water,  and  then  again 
diluting  5 cc.  of  this  liquid  with  400  cc.  of  water,  and  heating  it 
in  a porcelain  capsule.  Fragments  of  white  merino  (free  from 
sulphur),  immersed  in  the  liquid  for  half  an  hour,  will  remain 
white,  if  tlie  alcohol  was  pure;  if  methyl  was  present,  they  will  be 
of  a violet  tint.t 

§ 71.  Oxalate  of  Methyl  may  be  obtained  by  mixing  the  dis- 
tillate with  half  its  bulk  of  sulphuric  acid  and  double  the 
quantity  of  hydropotassic  oxalate.  The  whole  should  stand  in 
the  retort  for  twenty-four  hours,  and  then  be  distilled.  Crystals 
appear  after  a time  in  the  cooler  parts  of  the  flask  or  retort ; 

■*■  jSTote  on  the  Examination  of  Whisky  and  other  Spirits  for  Methylated 
S])irit  and  Eousel  Oil,  by  Dr.  Dnxn’e.  Analyst,  i.,  1876,  p.  4. 

4 A.  Riche  and  Brady,  Comptes  Rendus,  vol.  xxx.,  p.  1096. 
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their  composition  is  (CH3)2C20^.  It  woukl  also  be  quite  possible 
to  produce  such  compounds  as  the  salicylate  of  methyl,  &c. 

§ 72.  Formic  Acid. — It  has  been  already  stated  that  methyl 
alcohol,  when  fully  oxidised,  is  resolved  into  COg  and  water. 
This  takes  place  in  two  stages ; first,  formic  acid  is  produced, 
and  then  this  formic  acid  breaks  up.  Thus  : — 

(1.)  Methyl  Alcohol.  Formic  Acid. 

CH4O  + O2  = CH2O2 1-  HoO 

(2.)  Formic  Acid. 

CH2O2  + O2  = 2C0.2  + 2H2O 

It  hence  follows  that  if  a spirit  be  distilled  in  the  manner 
recommended  by  Dr.  Dupre,  and  only  partially  oxidised,  it  is 
jiossible  to  get  formic  acid,  which  has  some  very  characteristic 
properties.  To  obtain  tliis  result  a small  portion  of  the  dis- 
tillate, 2 to  4 cc.,  is  taken,  and  3 grins,  of  potassic  dichromate 
are  added,  with  an  equal  quantity  of  pure  sulphuric  acid,  and  four 
or  five  times  as  much  water.  This  is  allowed  to  act  for  twenty 
minutes,  and  then  distilled ; the  liquid  is  alkalised  with  sodium 
carbonate,  evajiorated  to  lialf  its  bulk,  acidulated  with  acetic 
acid,  transferred  to  a test-tube,  and  then  heated  gently  with  a 
5 per  cent,  solution  of  nitrate  of  silver.  If  formic  acid  has  been 
produced,  there  is  a distinct  precipitate  of  metallic  silver. 

§ 73.  Fousel  Oil  is  the  name  given  by  most  chemists  to  amylic 
alcohol ; it  may,  however,  be  conveniently  applied  to  the  mixture 
of  the  higher  homologues  of  ethylic  alcohol.  Dr.  Dupre*  detects 
fousel  oil  by  oxidising  one  or  two  grammes  of  alcohol,  previously 
distilled  (if  necessary)  in  the  manner  already  described.  When 
cool  the  flask  is  opened,  the  excess  of  dichromate  reduced  by 
zinc,  and  the  acids  produced  distilled  off.  The  acid  distillate 
is  neutralised  with  a standard  solution  of  normal  soda,  the 
solution  evaporated  to  a small  bulk,  and  transferred  to  a retort. 
An  amount  of  normal  sulphuric  acid,  equal  to  one-twentieth  of 
the  normal  alkali  used,  is  now  added,  and  the  contents  of  the 
retort  are  distilled  to  dryness  in  an  oil-bath,  the  temperature  being 
allowed  to  rise  to  about  130°C.  Water  is  then  added,  with  a 
further  quantity,  one-twentieth,  of  normal  acid,  and  the  contents 
re-distilled  to  dryness.  Some'  water  is  now  poured  on  the 
dry  residue  in  the  retort,  and  it  is  again  distilled,  the  latter 
operation  being  repeated  three  times.  The  distillates  from  these 
various  operations  are  united,  neutralised  by  carbonate  of  barium, 
the  solution  boiled,  filtered,  and  evaporated  to  dryness,  the 
residue  dried  at  130°C.,  and  weighed.  The  barium  salt  is  con- 

* Op.  dl. 
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verted  into  sulphate  in  the  usual  manner,  and  the  percentage  of 
harmm  determined.  The  data  are  now  at  hand  to  determine  the 
presence  of  fousel  oil  in  the  sample,  and  the  approximate  quantity. 
The  barium  salt  of  the  acid  produced  by  the  oxidation  of  fousel 
oil,  (Barium  valerianate,  Ba(C-IIj)02)2,)  contains  40*41  per  cent, 
of  barium.  The  barium  salt  of  the  acid  derived  from  the  oxida- 
tion of  pure  alcohol,  (Barium  acetate,  Ba(C2Hg02)2,)  contains 
53*72  per  cent,  of  barium.  If  the  alcohol  is  free  from  fousel  oil, 
the  barium  found  will  closely  approximate  the  percentage  men- 
tioned ; l)ut  if  the  higher  alcohols  are  present,  the  percentage  will 
be  lower,  and  a fair  approximation  to  the  amount  of  fousel  oil 
will  be  ai'rived  at  by  estimating  the  salt  as  a mixture  of  baric 
acetate  and  valerianate,  and  calculating  out  the  percentages  on 
the  usual  principles. 


III.— BEER. 


§ 74.  The  most  accurate  definition  of  beer,  as  brewed  in  the 
present  day,  is  that  of  a fermented  saccharine  infusion,  to  which 
has  been  added  a wholesome  bitter.  The  chief  constituents  of 
beer,  stouts,  and  porters,  are — 


(1*) 


(G.) 


Water  containing  in  solution  (according  to  its  origin) 
various  salts.  Distilled  water  is  never  used  in 
brewing. 


Alcohol. 

Carbonic  and  acetic  acids. 

1 , + , + ] Malt  sugar,  dextrine,  albuminous  con- 

’ ) stituents,  and  ash. 

Bitter  principles,  occasionally  derived  solely  from  the  hop, 
but  very  commonly  supplemented  by  so-called  “ hop 
substitutes.”  Samples  of  the  latter  examined  by  the 
author  all  contained  “ quassia,”  and  portions  of  the 
following  plants  wore  identified  — Calumba,  chirata, 
gentian,  and  wormwood. 

The  ash  derived  from  the  water,  the  malt,  and  tlie  bitters. 


To  these  must  be  added  volatile  and  essential  oils,  vegetable 
gelatine,  glucinic  acid  derived  from  the  sugars,  lactic  acid,  and,  in 
porters,  caramel  and  assamar. 

The  general  composition  of  the  chief  ingredients  of  beer  may 
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Le  gathered  from  the  following  table,  taken  from  Mr.  Watts’ 
dictionary  ; — 


Special  Examination  of  certain  Beers. 


ZJ 

ci 

‘o  . 

< a 

1 

1 

Name  of  Beer. 

w" 

O o 

o © 
o 

Qo  o 

'5 

Analysed  by 

•4^  O 

u 

c3 

O 

' 

London  Porter,  Barclay  & ) 
Perkins,  . . . . i 

6-0 

5-4 

0-lG 

88-44 

Kaiser. 

London  Porter, 

G-8 

G-9 

. . . 

8G-3 

Balling. 

,,  ,,  Berlin, 

5-9 

4-7 

0-37 

89-0 

Ziurek. 

Burton  Ale,  .... 

14-5 

5-9 

• • • 

79 -G 

Hoffmann. 

Scotch  Ale,  Edinburgh, 

10-9 

8-5 

0-15 

80-45 

Kaiser. 

Ale,  Berlin,  .... 

6-3 

7-G 

0-17 

85-93 

Ziurek. 

Brussels  Lambick, 

3-4 

5-5 

0-2 

90-90 

Kaiser. 

,,  Earo, 

Salvator  Bier,  Aliincheu, 

2-9 

4-9 

0-2 

92-00 

9-4 

4-G 

0-18 

85-85 

Bock  Bier,  ,, 

9-2 

4-2 

0-17 

8G-49 

Bavarian  Draught  Beer 

(Schenk  Bier,  Miinchen), . 
Bavarian  Store  Beer  (Lager 
Bier,  Miinchen,  IG  months 

58 

3-8 

0-14 

90-2G 

5 5 

5 0 

5-1 

0-15 

89-75 

old). 

Bavarian  Store  Beer,  Mimchen, 

3-9 

4-3 

OIG 

91 -G4 

„ Draught  Beer,  Brunswick, 

5-4 

3-5 

91-1 

Otto. 

BavarianBeer(Waldsclilosschen) 

4-8 

3-G 

91-5 

Fischer. 

Prague  Draught  Beer,  . 

G-9 

2-4 

90-7 

Balling. 

,,  Town  Beer  (Stadt  Bier), 

10-9 

3-9 

• • • 

85-2 

Sweet  Beer,  Brunswick, 

14 -0 

1-3G 

... 

84-7 

Otto. 

Josty’s  Beer,  Berlin, 

2-G 

2-G 

oo 

94-3 

Ziurek. 

Werder’s  Brown  Beer,  Berlin. 

3-1 

2-3 

0 3 

94-2 

White  Beer,  Berlin, 

5-7 

1-9 

0-G 

91-8 

Bibre  Blanche  de  Lou\'aiii,  . 

3-0 

4-0 

. . • 

93-0 

Le  Cambrc. 

Petermann  (Louvain),  . 

40 

G-5 

... 

89-5 

71 

The  composition  of  beers,  as  a whole,  varies  in  some  degree 
according  to  the  kind  of  ale  or  beer,  according  to  the  method  of 
manufacture,  and  according  to  its  age  and  preservation. 

Fale  Ale  should  be  made  from  the  finest  and  highest  dried 
malt  and  the  choicest  hops,  the  bitter  being  in  excess. 

Mild  Ale  is  a sweet,  rather  strong  beer.  Table  beer  is  rarely 
sold — it  is  a weak  watery  ale. 

Porter,  as  drunk  in  the  metropolis,  is  a rather  weak  malt- 
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liquoi',  coloured  and  flavoured  with  roasted  malt.  Stout  is  a richer 
and  stronger  description  of  porter. 

Bavarian  Beers  in  some  degree  derive  their  peculiar  qualities 
from  fermentation  at  a low  temperature.  They  seldom  contain 
more  than  two  per  cent,  of  alcohol,  are  only  slightly  bittered, 
have  a fine  aroma,  and  a peculiar  flavour,  said  to  be  due  to  the 
I solution  of  a minute  fraction  of  the  resinous  matters  used  to 
; caulk  the  casks. 

I Lamhick  a)id  Faro  Beers  are  made  with  unmalted  wheat  and 
^barley  malt.  In  fermentation  the  wort  is  self-impregnated,  the 
I process  sometimes  taking  months,  and  being  mostly  of  a bottom 
, character.  The  beer  contains  a large  quantity  of  lactic  acid,  and 
I is  very  hard  in  consequence. 

I Of  the  constituents  of  beer,  it  will  be  necessary  to  notice  fully 
the  water,  the  malt  extract,  the  bitters,  and  the  ash. 

§ 75.  The  loater  used  hy  the  brewer  is  mainly  interesting  to  the 
analyst  on  account  of  the  common  salt  held  in  solution,  since  in 
prosecutions  for  the  addition  of  salt  the  defence  generally  is,  that 
the  latter  is  a natural  component  of  the  beer.  Thus,  Dr.  Bottinger’s 
analysis  of  tlie  constituents  of  the  water  used  at  Messrs.  Allsopp’s 
brewery  is  as  follows  : — 


Per  Gallon. 


Cliloride  of  Sodium,  ....  10'12 

Sulphate  of  Potash,  ....  7‘C5 

,,  Lime,  ....  18 'OB 

,,  Magnesia,  . . . . 9 •95 

Carbonate  of  Lime,  . . . . 15 •51. 

,,  Magnesia,  . . . l^TO 

,,  Iron,  ....  0'(50 

Silica,  . . . . . . . (V79 


05 -'28 

Messrs.  Bass  and  Co.’s  water  (according  to  an  old  analysis  of 
Cooper)  contains  chlorine  equal  to  a little  over  10  grains  of 
common  salt  per  gallon,  and  all  published  analyses  of  water  used 
in  breweries  give  quantities  of  salt  under  14  grains  per  gallon. 
However,  since  breweries,  as  a rule,  use  hard  spring  water, 
it  is  quite  possible  for  the  water  in  particular  localities  to 
contain  a much  larger  percentage  of  salt  than  the  quantity 
mentioned  above. 

§ 76.  Malt  Extract. — The  constituents  of  barley  and  also  of 
malt  are  given  in  the  accompanying  table  ; but  of  these  it  is  the 
ash  alone  which  will  remain,  comparatively  speaking,  unchanged; 
for  by  the  action  of  mashing  a very  large  portion  of  the  dextrine 
and  starch  becomes  changed  into  sugar. 
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Composition  of  Barley  and  Malt. 


Barley. 

Malt. 

Air-driecl. 

Air -dried. 

Kiln-dried, 

pale. 

Kiln-dried, 

amber. 

Produce  of  Torrefaction, . 

0-0 

0-0 

7-8 

14-0 

Dextrine, 

5-6 

8-0 

6-6 

10-2 

Starch,  .... 

67-0 

58-1 

58-6 

47-6 

Sugar,  .... 

0-0 

0'-5 

0-7 

0.9 

Cellulose, 

9-G 

14-4 

10-8 

11-5 

Albuminous  substances, . 

12-1 

13-6 

10-4 

10-5 

Fatty  substances,  . 

2-6 

2-2 

2-4 

2-6 

Ash,  &c., 

31 

3-2 

2-7 

2-7 

100-0 

100-0 

100-0 

100-0 

Barley  contains  dextrine,  starch,  albuminous  substances,  and 
a small  quantity  of  fat,  together  with  cellulose,  and  the  ordinary 
saline  constituents  of  seeds.  Malt,  varying  a little  in  composition 
according  to  the  heat  of  the  final  operations  of  the  maltster, 
differs  from  barley  in  containing  a small  quantity  of  sugar 
(derived  from  transformation  of  a portion  of  the  starch),  rather 
more  dexti’ine,  and  altogether  less  organic  matter,  the  loss  on 
malting  being  usually  represented  as — 


Water, 

Saline  matter, 
Organic  matter. 


0 00 
0-4S 
12-52 


in  100  per  cent,  barley. 

The  constituents  of  barley  are  thus  given  b}^ 


19-00 

Oudemann : — 


Dried  Barley. 


Starch,  

Dextrine,  ........ 

Gluten  insoluble  in  water,  soluble  in  alcohol, 
Soluble  albuminous  bodies  coagulable  by  heat, 

„ ,,  not  coagulable,  . 

Albuminous  bodies  insoluble  in  water  or  in  alcohol. 

Fatty  substances, 

Cellulose,  ........ 

Ash, 

Lime,  &c., 


()5-7 

5-5 

0-3 

0- 3 

1- 9 
9-3 

2- 5 
9-4 

3- 1 
2-0 
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According  to  Thomson,  the  following  is  the 

relative  com- 

:)Osition  of  the  ash  of  malt  and  barley  :• 

Bariev. 

Malt. 

Potash,  ...... 

IG-Ob 

14-54 

8oda, 

8-86 

6-08 

Lime,  ...... 

3-23 

3-89 

Magnesia,  ..... 

4-30 

9-82 

Ferric  Oxide, 

0-83 

1-59 

Phosphoric  Acid,  P2O5,  . 

.36-80 

35-34 

Sulphuric  Acid,  (SO3),  . 

0-16 

0-0 

Chlorine,  ..... 

0-15 

Trace, 

Silica, 

29-67 

28-74 

Valentine  and  0‘Sullivan  have  recently  disputed  the  correct- 
ness of  Oudemann’s  and  the  older  analyses  in  the  following 
points  ; — Oudemann  finds  from  5 to  8 per  cent,  of  dextrine,  Mr. 
O'Sullivan  no  dextrine  at  all ; the  small  percentages  of  sugar 
generally  qvxoted — viz.,  up  to  I'O  per  cent,,  Mr.  O'Sullivan  gives 
at  from  16  to  20  per  cent.;  and  the  authors  have  compiled  the 
following  table,  stating  that  each  item  has  been  estimated  directly, 
and  not  by  difference : — 


Composition 

OF  Pale  Malt. 

(1. 

(2.) 

Starch,  .... 

Other  Carbo-hydrates  (of  which 

44-15 

45-13 

60  to  70  per  cent,  consist 
of  fermentable  sugars), 
Inulin  (?)  and  a small 
quantity  of  other  bodies 
soluble  in  cold  water. 

21-23 

19 -.39 

Cellular  matter. 

11-57 

10-09 

Fat, 

Albuminoids — 

1-65 

1-96 

(a.)  Soluble  in  alcohol  of 

specific  gravity  -820, 
and  in  cold  water. 

•6.3 

•46 

(b. ) Soluble  in  cold  water 

andat68^C.,  . 

(c. ) Insoluble  in  cold  Avater, 

3-23 

... 

3-12 

... 

but  soluble  at  68®  to 
70°C.,  . . 

2-37 

1 -36 

(d.)  Insoluble  at  68®  to 

70®C.,  but  soluble  in 
cold  water  (albumen 
proper),  . 

•48 

•37 

• • • 

{e. ) Insoluble  in  cold  water, 

andat70°C.,  . 

6-3S 

13-09 

8-49 

13-80 

Ash, 

2-60 

1-92 

AVater, 

5-83 

7-47 

100-12 


99-76 
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A sugar,  “maltose,”  is  obtained  by  the  action  of  malt  extract  on 
starch;  it  has  a specific  rotatory  power  of  + 150°,  and  100  parts 
of  it  are  equal  to  G5  parts  of  glucose  in  reducing  cupric  oxide. 
It  forms  a hard,  white,  crystalline  mass,  consisting  of  needles 
which  lose  their  water  in  a current  of  air  at  100“C.  Maltose 
may  be  estimated  by  Eehling’s  solution,  10  cc.  of  Fehling  being 
equivalent  to  0‘075  grm.  malt  sugar.  [1  of  metallic  copper  = 
•85227  maltose.] 

§ 77.  Beer  Bitters. — If  the  analyst  should  find  the  beer  bittered 
by  any  substance  other  than  hop,  his  verdict  as  to  whether  it  is 
an  adulteration,  or  not,  will  depend  altogethei'  on  the  nature  of 
the  substance  added;  for  since  the  repeal  of  the  hop  duty  in 
1862,  and  the  consequent  return  of  the  trade  to  other  bitters, 
anything  harmless  in  the  way  of  a bitter  is  perfectly  legal.  If,, 
howevei’,  such  poisons  as  picric  acid,  picrotoxin,  or  colchicine, 
should  be  found,  there  can  be  no  difference  of  opinion  as  to  the 
course  the  analyst  should  pursue. 

AVith  regard  to  these,  picric  acid  has  certainly  been  discovered, 
and  picrotoxin  is  strongly  suspected,  but  as  yet  the  latter  has 
not  been  proved  to  be  a common  adulterant.  The  evidence  as 
to  the  re})uted  occurrence  of  colchicine  is  unsatisfactory.  A'’au- 
geldern,  a short  time  ago,  obtained  from  a mixture  of  genuine 
hops  ajid  the  gummy  matter  of  beer  a substance  giving  the 
reactions  of  colchicine,  so  that  a mistake  is  possible. 

§ 78.  //ops. — Hops  are  the  catkins  of  the  Himiulus  lujndus,  and 
consist  of  imbricated  scales  enclosing  the  so-called  nut.  The 
scales  themselves  are  covered  Avith  ai’omatic  superficial  glands, 
Avhich  are  designated  “ yellow  powder,”  or  lupulin.  Freed  as 
far  as  possible  from  the  lupulinic  grains,  the  scales  consist  of 
astringent  matter,  chlorophyl,  gum,  colouring  matter,  and  ash. 
The  lupulin  itself,  according  to  Dr.  Yves,  contains  the  following 
matters : — 


Volatile  Oil, 
Tanniu,  . 
Extractive, 
Bitter  priuciple, 
\\Aax, 

Besin, 

bigniii, 

[jOSS, 


4-lG 

8 - .33 

9- K) 
10 -00 
.30  00 
38  •33 

•02 


100  00 


This  analysis  does  not  include  the  oil  of  hops,  which  is  a A'ery 
important  constituent  of  the  hop,  and  may  be  obtained  by  dis- 
tilling the  fresh  flowers,  or  the  lupulin. 
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The  resin  anti  hitter  principle  of  the  hop  are  to  the  brewer  the 
nost  important  constittients,  its  commercial  value  being  directly 
lependent  on  them.  According  to  some  recent  analyses  made 
jf)y  Mr.  Porter,  the  substances  capable  of  solution  in  ether  (viz., 
die  oil,  resin,  and  bitter  principle)  vary  in  different  samples 
from  8-8  to  a little  over  17  per  cent.* 

§ 79.  Luimlite,  or  true  Lupulin  (a  substance  isolated  by  Lermer 
in  1863),  can  be  obtained  in  rhombic  prisms  by  treating  fresh 
hops  with  four  times  their  weight  of  ether,  distilling  the  ether 
off,  then  adding  to  the  extract  alcohol  of  90  per  cent,  (which 
leaves  the  wax  undissolved),  and  again  taking  up  the  alcoholic 
extract  Avith  ether.  The  ethereal  solution  is  repeatedly  shaken 
Avith  strong  potash-lye  to  get  rid  of  the  resin,  and  lastly  Avith 
pure  water  to  take  up  the  bitter  matter.  It  is  precipitated  from 
the  aqueous  solution  by  sulphate  of  copper,  the  composition  of 
I the  precipitate  being  ; and  crystals  are  obtained  by 

' dissolving  the  precipitate  in  ether,  decomposing  Avitli  SH,, 
and  evaporating  the  ethereal  filtrate  in  a stream  of  carbonic 
acid  gas. 

A principle  very  bitter,  but  not  crystalline,  can  also  be  obtained 
by  adding  to  the  aqueous  extract  of  the  lupulin  grains  a little 
lime,  and  then  treating  Avith  alcohol.  The  solution  is  to  be 
evaporated,  the  mass  treated  with  Avater,  and  the  solution  again 
evaporated  to  dryness.  On  Avashing  this  residue  Avith  ether,  a 
Avhite  uncrystallisable,  bitter  principle — soluble  in  20  parts  of 
Avater,  A'ery  soluble  in  alcohol,  and  but  slightly  so  in  ether — is 
obtained  ; it  is  probably  a derivatiA'e  of  Leriner’s  lupulite. 

Lermer' s Lupulite  crystallises  in  glittering,  rhombic,  brittle 
prisms,  tasteless  in  themselves,  but  Avith  a Amry  bitter  flavour, 
and  an  acid  reaction  Avhen  dissolved  in  alcohol.  They  are 
insoluble  in  Avater,  but  dissolve  easily  in  alcohol,  ether,  chloro- 
form,^ bisulphide  of  carbon,  benzole,  and  turpentine ; exposed  to 
i the  air,  they  soon  become  yellow  and  partly  amorphous. 

The  ash  of  the  hop  differs  but  little  from  the  ashes  of  foliar 
organs  generally,  the  relative  proportion  of  each  constituent 
varying  within  somewhat  Avide  limits,  according  to  the  particulai* 
variety.  (See  table  on  next  page.) 

Oil  op  llojjs,  according  to  the  researches  of  Wagner,  consists 
chiefly  of  an  oxygen-holding  oil,  CjoHj^gO,  containing  in  solution 
a camphor  boiling  at  175°C.  The  specific  gravity  of  the  oil 
itself  is  0‘968.  It  begins  to  boil  at  125°C.,  and  successhm  por- 
tions can  be  separated  by  fractional  distillation,  tlie  last  passing 

* On  the  Examination  of  Hops,  by  W.  E.  Porter,  F.C.8.  inahi^f 
August,  1877 ; January,  1878.  * ’ 
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Constituents  of  the  Ash  of  Hop  Cones. 


Way  and  Ogston. 

E.  Wattb. 

Bentley 

Variety. 

Golding 

Variety. 

Grape 

Variety. 

Grape 

Variety. 

Potash,  .... 

11-98 

24-88 

25-56 

19-41 

Soda,  .... 

• . . 

- . . 

. . . 

0-70 

Lime,  .... 

17-93 

21-59 

18-47 

14-15 

Magnesia, 

5-94 

4-G9 

5-27 

5-34 

Alumina, 

• ♦ • 

. . . 

. . . 

1-18 

Ferric  Oxide, 

1-8G 

1-75 

1-41 

2-71 

Sulphuric  Acid, 

7-01 

7-27 

11-68 

8-28 

Chlorine, 

. . • 

* . • 

• « < 

2-26 

Silica,  .... 

22-97 

19-71 

9-99 

17-88 

Carbonic  Acid, 

5-44 

2-17 

4-54 

11-01 

Phosphoric  Acid,  . 

21  -38 

14-47 

17-58 

14-64 

Chloride  of  Potassium,  . 

5-45 

. « 

4-34 

. . • 

,,  Sodium, 

• • • 

3-42 

0-12 

, Charcoal  and  Loss, 

... 

... 

2-44 

1 

99-9G 

99-95 

98-96 

100-00 

Ash  per  cent,  of  Dry  Hops, 

8-07 

5-95 

7-21 

,,  „ Fresh  ,, 

7-27 

5-22 

6-22 

6*5 

over  at  235°C. ; one-sixtli  distils  over  between  125^^  and  175°C., 
and  is  of  a pale  colour  and  quite  clear;  about  half  passes  over 
between  175°C.  and  225*^0.,  and  is  also  very  clear;  but  the  re- 
mainder is  yellow,  and  the  residue  in  the  retort  has  the  appear- 
ance of  a brown  turpentine. 

The  crude  oil  is  brownish-yellow,  and  very  sparingly  soluble 
in  water,  one  part  requiring  more  than  COO  times  its  weight  for 
complete  solution.  It  does  not  contain  sulphur,  as  previously 
asserted  by  Payen  and  Chevallier,  nor  does  it  reduce  ammoniacal 
solution  of  silver.  Oxidation  by  nitric  acid  produces  valerianic 
acid  and  a yellow  acid  resin ; if  dropped  on  melted  caustic  potash, 
valerianate,  carbonate  of  potash,  and  a hydrocarbon  are  the 
results.  The  oil  appears  to  be  neither  narcotic  nor  poisonous, 
twenty  drops  having  had  no  action  whatever  on  a kitten  (TP 
Keil) ; but  the  wonderful  preservative  properties  ascribed  to  it 
by  older  writers  are  very  problematical. 

A few  other  bitter  principles,  some  of  which  have  actually 
been  found,  and  the  remainder  are  supposed  to  exist,  may  be 


§.80,  81.] 
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now  conveniently  described.  (For  Picroloxin  and  Colchicum  tlie 
reader  is  referred  to  the  second  portion  of  this  work.)* 

§ 80.  Ahsynthin,  C40H28O3HO. — The  bitter  principle  of  worm- 
wood, Artemisia  absynthium.  It  may  be  extracted  from  the  hot 
aqueous  extract  of  wormwood  by  precipitation  with  tannic  acid, 
evaporating  the  tannate  to  dryness  with  oxide  of  lead,  and  extract- 
ing the  dried  residue  by  alcohol,  and  subsequent  purification 
with  animal  charcoal.  Absynthin  dissolves  easily  in  alcohol  and 
ether,  with  difficulty  in  hot  water,  and  is  scarcely  soluble  in  cold. 
When  obtained  from  alcoholic  solution  it  is  usually  in  the  form 
of  pale-yellow  drops,  which  gradually  become  crystalline ; it  has 
a peculiar  odour  and  extremely  bitter  taste,  and  its  reaction  is 
neutral.  It  reduces  a hot  ammoniacal  solution  of  silver  nitrate, 
but  an  alkaline  tartrate  of  copper  solution  remains  unchanged 
by  it.  It  is  dissolved  by  caustic  potash  with  the  production  of 
a brown  colour.  Concentrated  sulphuric  acid  produces  first  a 
brown  colour,  passing  into  a green-blue ; as  water  is  added,  the 
j colour  becomes  darker,  until  grey  flocculent  particles  are  sepa- 
I rated.  Boiling  with  dilute  acids  produces  resinous  products, 
but  no  sugar. 

The  bitter  principle,  according  to  some  observers,  is  a direct 
cerebral  excitant;  according  to  others,  a pure  tonic.  It  is  used 
occasionally  in  medicine,  in  doses  from  ^ grain  to  2 grains,  and 
the  herb  producing  it  is  officinal  in  the  Continental  pharma- 
copeias.f 

§ 81.  Aloin  — CjgH^gO-  (Tilden),  Cj^H^gO^  (Stenhouse), 
CigHigO?  (E.  Schmidt) — may  be  obtained  by  treating  aloes  with 
dilute  sulphuric  acid,  removing  the  deposit  of  resin,  and  evapor- 
ating to  a syrup.  The  crystals  thus  obtained  are  yellow  needles, 
soluble  in  water  and  alcohol,  and  possessing  a bitter  taste.  The 
amount  of  crystallisation  water  varies  from  5'89  to  14’29  per 
cent.;  if  anhydrous,  the  melting  point  of  the  crystals  is  from  146° 
to  148°F.  [70°  to  80°C.]  ; if  hydrous,  sulphiu'ic  acid  colours  it  first 
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red,  then  orange,  and  it  is  dissolved  by  caustic  potash  with  the 
production  of  a purple-red  colour.  The  action  of  nitric  acid  pro- 
duces chrysanimic,  picric,  and  oxalic  acids,  Avith  the  addition  of 
carbonic  anhydride;  that  of  zinc  dust,  methylanthracene  and 
anthraquinone.  * 

§ 82.  Cnicin,  was  discovered  by  Nativelle  in  the 

leaA’es  of  the  Cnicus  benedictus ; it  is  found  also  in  the  Centaurea 
calciirajM,  and  in  other  composite  ]dants.  It  forms  transparent 
silky  crystals,  neutral,  without  smell,  of  very  bitter  taste,  melt- 
ing at  a high  temperature,  but  not  subliming.  Its  solution  turns 
the  plane  of  polarisation  to  the  right  [a]  r = 130°G8.  It  is  scarcely 
soluble  in  cold  water,  better  in  boiling,  soluble  in  all  propoi'tions 
in  alcohol  and  wood  spirit,  almost  insoluble  in  ether.  Cold 
sulphuric  acid  gives  Avith  cnicin  a red  solution,  becoming  violet 
on  the  addition  of  Avater,  and  yelloAV  on  the  addition  of  ammonia. 
Cold  concentrated  hydrochloric  acid  dissolves  it  Avith  the  produc- 
tion of  a green  colour  ; on  heating,  broAvn  drops  sepai’ate,  Avhich 
solidify  into  a yelloAv  resin. t 

§ 83.  Daplinin,  Cgj^HggO^j),  a crystalline  principle  discoA'ered  by 
Vauquelin,  1817,  in  the  bark  of  the  Dajjhne  alpiria,  L.,  and  D. 
onezereitm,  L.  It  forms  long  i-ectangular  prisms,  or  tine  needles, 
and  crystallises  Avith  4 atoms  of  Avater.  Its  reaction  is  neutral, 
its  taste  bitter.  When  anhydrous  it  melts  at  about  200°C.  to  a 
colourless  fluid,  Avhich  again  becomes  crystalline  on  cooling ; if 
the  heat  is  continued,  it  sublimes  as  daphnetin,  C^oHj^Og.  This 
substance  presents  itself  in  fine,  colourless,  rhombic  prisms,  melt- 
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ing  about  250°C. ; it  lias  a bitter  taste,  with  a weak  acid  reaction, 
and  is  easily  soluble  in  boiling  water,  with  the  production  of  a 
yellow  colour ; it  dissolves  also  in  boiling  alcohol,  but  is  very 
little  soluble  in  ether. 

Daphnin  dissolves  slightly  in  cold  water,  easily  in  hot ; it  is 
also  very  soluble  in  hot  alcohol,  but  is  not  dissolved  at  all  by 
ether.  In  solutions  of  the  caustic  and  the  carbonated  alkalies  it 
dissolves  with  the  production  of  a yellow  colour,  and  is  also  easily 
soluble  in  acetic  acid.  On  boiling  with  a dilute  acid,  daphnin 
breaks  up  into  daplmetin  and  sugar,  and  emulsin  and  fermenta- 
tion with  yeast  have  a similar  effect.  An  aqueous  solution  of 
chloride  of  iron  produces,  when  cold,  a blue  colour,  and  if  the 
liquid  is  boiled,  a dark  yellow  precipitate.  Nitric  acid  colours 
it  red.* 

§ 84.  Gentianin,  discovered  by  Henry  and  Caventou 

in  1821,  but  first  prepared  pure  by  Trommsdorff,  is  found,  like 
gentiopicrin,  in  the  root  of  the  Gentiana  lutea,  L.  It  foi*ms  long, 
pale-yellow,  silky  needles,  without  smell  or  taste,  which  may  be 
sublimed  above  300°C.  without  decomposition.  Its  solubility, 
according  to  Leconte,  is  as  follows: — 1 25art  requires  of  cold 
water  5000  jiarts,  of  boiling,  3850  pai’ts ; of  cold  absolute  alcohol 
455  jjarts,  of  boiling  62'5  |:)arts ; of  cold  ether  2000  parts,  for 
solution.  Concentrated  sulphuric  acid  dissolves  it  with  a yellow 
colour ; on  dilution  with  water  it  separates  unchanged  ; on  being 
1 boiled  with  dilute  sul2:>huric  acid  there  is  no  change.  If  treated 
■ with  pure  nitric  acid  (L43  specific  gravity),  a dark-green  solution 
; is  obtained,  and  on  adding  water  carefully  dinitro-gentianin, 
9i4^s(^^2)2^5  ^2^>  sej)arates  out  as  a green  jDowder.  If 

similarly  treated  with  strong  nitric  acid,  and  subsequent  addition 
of  water  to  the  solution,  yellow  microscoj^ical  jorisms  are  sejoa- 
rated,  jjrobably  trinitro-gentianin.  Gentianin  reduces  nitrate  of 
silver.! 

§ 85.  Gentiopicrin,  C20H3QOJ2,  fii'st  j)repared  pure  by  Kromayer 
in  1862,  is  a glucoside  found  in  the  fresh  root  of  the  Gentiana 
lutea.  It  crystallises  in  colourless  needles,  with  1 atom  of  water 
of  crystallisation.  The  crystals  effloresce  in  the  air,  and  lose 
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tlieir  transpareiicy,  becoming  M'iiite  and  opaqne.  The  anliydi’OiLS 
crystals  melt  between  120°  and  125°C.  to  a brown  fluid,  which 
coagulates  amorphously,  and  at  higher  temperatures  is  fully 
destroyed.  Water  dissolves  it  easily,  but  it  is  insoluble  iu 
absolute  alcohol  and  in  ether,  though,  on  the  other  hand,  weak 
alcohol  is  an  (ixcellent  solvent  for  it.  One  of  the  best  tests  for 
its  presence  is  the  action  of  concentrated  srdphuric  acid,  giving 
in  the  cold  a colourless  solution,  but  producing  with  slight  warm- 
ing a carmine-red  colour,  and  precipitating  on  the  addition  of 
water  in  grey  Hocks.  It  reduces  an  amnioniacal  solution  of  silver 
nitrate,  and  on  boiling  with  dilute  sulphuric  acid  splits  up  into 
sugar  and  gentiogenin. 

Geyitiogenin,  is  an  amorphous,  yellow-brown  powder, 

of  neutral  reaction  and  bitter  taste,  not  easily  soluble  in  cold 
water,  but  dissohdng  readily  in  alcohol  and  ether.^ 

§ 86.  Menyaniliin,  CooIT^qO^,  a glucoside  obtained  pure  by  Lud- 
wig and  Kromayer  in  1861,  from  the  Afenyanthes  trifoliata,  L.  As 
hitherto  prepared,  menyanthin  is  an  amorphous,  terebinthinate 
mass,  becoming  slowly  solid  o]i  drying  over  suljdiuric  acid.  It 
has  a neutral  reaction,  and  its  taste  is  strongly  and  jmrely  bitter. 
It  softens  at  60°  to  65°,  and  melts  at  10°  to  15°  to  a thin,  clear 
fluid,  which  again  solidifies  to  a hard  transparent  mass ; by 
stronger  heating  it  is  entirely  destroyed.  Concentrated  si;h 
phuric  acid  gives  with  it  a yellow-brown  colour,  which  on  stand- 
ing becomes  violet-red,  and  grey  flocks  are  sepai’ated  on  the 
addition  of  water.  By  heating  with  dilute  sulphuric  acid  it 
splits  up  into  sugar  and  menyanthol. 

Menyanthol  is  an  oil  having  an  acid  reaction,  and  an  odour ■ 
like  that  of  oil  of  almonds;  it  is  changed  by  the  air  (as  well  as* 
by  melting  with  potash)  into  a crystalline  acid  capable  of  being:] 
sublimed.! 

§ 87.  Q'uassiin,  f ^ bitter  jiriuciple,  discovered  iu  1835i 
by  Winckler,  in  the  b.ark  of  the  Quassia  amara,  L.,  and  Picra;na\\ 
excelsa,  L.  It  forms  white,  opaque,  glittering  crystals,  withouti 
odour,  and  of  extremely  bitter  taste.  On  heating,  it  melts  andij 
solidifies  as  a transparent  yellow  mass;  at  decomposition  tem- 
pcratiu’cs  it  Imrns  like  i*esin,  if  exposed  to  the  air.  Tannic  acubj 
precipitates  it  from  an  alcoholic  solution  in  thick,  white  flocks;i 
cold  concentrated  sulphuric  acid  dissolves  it,  without  the  pro-| 
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duction  of  coloiu’;  and  on  dilution  witli  water  it  is  appai'entlv 
precipitated  without  change.'^ 

§ 88.  The  Ash  of  Beer. — The  ash  of  heer  contains  the  mineral 
constituents  that  previously  existed  partly  in  the  water,  partly 
in  the  hop,  and  partly  in  the  malt  used.  It  would  appear  that 
the  ferric  oxide,  a certain  proportion  of  phosphoric  acid,  a small 
portion  of  the  lime  and  magnesia,  with  a great  part  of  the  silica, 
remain  undissolved,  and  do  not  pass  into  the  beer ; the  rest 
are  dissolved. 

The  following  table  gives  the  average  composition  of  the  beer 
ash  of  commerce  : — 


The  table  on  next  page  may  be  also  useful,  showing  analyses 
of  ash  by  Walz  and  Dickson  (^Dictionary  of  Chemistry,  Arts, 
and  Manufactures,  edited  by  Vincent). 

§ 89.  Analysis  of  Beer. — The  ordinary  full  analysis  of  beer 
determines — 

(1.)  The  alcohol. 

(2.)  The  carbonic  acid. 

(3.)  The  volatile  and  fixed  acids. 

(4.)  The  percentage  of  malt  extract,  and,  if  necessaiy,  its  com- 
position. 

(5.)  The  hop  resin  and  glycerine. 

(G.)  The  nature  of  the  bitter  used.  . 

(7.)  The  general  composition  of  the  ash,  and  especially  its 
chlorides. 

(1.)  The  alcohol  s found  most  accurately  by  the  distillation 
pi'ocess  described  at  p.  129,  but  it  is  often  determined  in  the  fol- 
lowing manner: — Shake  up  the  beer  well  in  a flask,  so  as  to 
deprive  it  of  as  much  carbonic  acid  as  possible,  then  take  the 
specific  gi'avity  at  15  5°C.,  and  boil  a third  of  the  beer  away  in 
an  open  beaker.  To  make  u]i  the  boiled  beer  to  exactly  the 

1.  J 


Beer  Ash. 


Potash,  . 

Soda, 

Lime, 

Magnesia, 
troll  Oxide,  . 
Sulphuric  Acid, 
Phosphoric  Acid, 
Chlorine, 

Silica,  . 


traces, 

1- 44 
32-09 

2- 91 
10-82 
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original  quantity  again,  take  the  specific  gravity,  and  calculate 
as  described  at  p.  130. 

(2.)  The  carbonic  acid  which  the  beer  holds  dissolved  is  most 
readily  estimated  by  placing  100  cc.  (or  any  convenient  quantity) 
in  a flask,  provided  with  a caoutchouc  stopper,  carrying  a tube 
twice  bent  at  right  angles,  which  is  connected  with  a smaller 
flask,  containing  strong  ammonia  water,  into  which  the  tube  dips. 
This  second  flask  must  also  carry  a caoutchouc  stopper,  which 
should  be  doubly  perforated,  the  one  hole  for  the  tube  already 
mentioned,  the  other  provided  with  a short,  wide  tub6,  packed 
with  o;lass  wool  moistened  with  ammonia  water.  The  beer  must 
first  be  gently  warmed  and  ultimately  boiled,  when  the  whole  of 
the  carbonic  acid  is  absorbed  by  the  ammonia.  A sufficient 
quantity  of  a solution  of  calcium  chloride  is  now  added,  the 
liquid  boiled  until  all  free  ammonia  is  expelled,  and  the  calcium 
carbonate  thrown  on  a filter  and  washed.  Lastly,  the  washed 
calcium  carbonate  is  dissolved  in  either  standard  or  decinormal 
acid,  according  to  the  quantity,  a little  cochineal  solution  is 
added,  and  the  acid  titrated  back.  2 cc.  of  decinormal  acid  equal 
10  mgrms.  of  carbonate  of  lime,  or  4*4  mgrms.  of  COg-  This 
simple  process  is  a23plicable  to  all  liquids  from  which  carbonic 
anhydride  can  be  expelled  by  boiling. 

(3.)  Volatile  and  Fixed  Acids. — The  acetic  acid  is  obtained  by 
distilling  the  beer  to  dryness,  and  estimating  the  acidity  of  the 
filtrate  by  decinormal  solution  of  soda.  Should  the  residue  in 
the  flask  or  retort  be  still  acid,  a little  water  should  be  added, 
and  the  distillation  again  continued  to  dryness;  any  acid  now 
remaining  is  certain  to  be  a fixed  acid,  probably  lactic.  It  may 
be  estimated  by  titration,  and  returned  as  lactic.  The  equiva- 
lent of  dry  lactic  acid  is  90;  hence  1 cc.  of  d.  n.  soda  = 9 
m^ms.  of  lactic  acid.  Should  it  be  specially  necessary  to  deter- 
mine the  percentage  of  lactic  acid,  a sufiicient  quantity  of  beer — ■ 
say  300  cc. — is  taken,  evaporated  to  a small  bulk,  diluted  with 
a little  water,  filtered,  and  mixed  with  a little  sulphuric 
acid;  j)ure  carbonate  of  baryta  is  now  added,  and  the  whole 
warmed  on  the  water-bath  for  some  time.  The  liquid  is  then 
freed  from  the  precipitate  of  sulphate  of  baryta  by  filtration,  and 
the  precipitate  well  waslied  with  hot  water.  This  filtrate  is 
evaporated  to  a syrup,  and  treated,  when  cold,  in  a tube  or 
separating-funnel  with  a mixtiire  of  one  part  of  sulphuric  acid,  one 
of  water,  one  of  alcohol,  and  ten  of  ether ; the  ethereal  layer  is 
separated  in  the  usual  way,  and  evaporated.  The  lactic  acid 
thus  obtained  is  still  impure,  and  it  is  best  to  dissolve  in 
water,  saturate  with  freshly-precipitated  carbonate  of  zinc,  and 
estimate  as  zinc  lactate,  the  latter  containing  54 ’49  per  cent,  of 
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anhydrous  lactic  acid.  Iii  most  cases,  liowever,  the  error  will 
not  be  great,  if  the  total  acidity  of  the  beer  is  taken  directly 
Avithout  distillation,  and  returned  as  acetic  acid. 

(4.)  The  Malt  Extract. — The  extract  of  beer  can  be  determined 
by  evaporating  down  a carefuliy  measured  quantity,  and  Aveigh- 
ing  the  dry  residue.  In  order  to  do  this  Avitli  any  approach  to 
accuracy,  the  smallest  ]iossible  quantity  should  be  taken — 5 cc. 
or  5 grms.  is  quite  sufficient.  This  small  quantity,  spread  out 
as  a thin  film  on  the  bottom  of  a tolerably  capacious  platinum 
dish,  can  be  thoroughly  dried  OA'cr  the  Avater-bath  in  two  or 
three  hours,  Avhile  if  such  quantities  as  25  cc.,  50  cc.,  or  100  cc. 
are  taken,  to  get  the  extract  completel}^  dry  is  A'^ery  tedious, 
and  usually  requires  a higher  temperature  than  100®C.  It  is, 
hoAveA'er,  found  in  ])ractice  much  more  convenient  to  dispense 
Avith  this  diying  altogether,  the  alcohol  and  carbonic  acid  being 
drWen  ofi‘,  as  before  described,  the  beer  made  up  to  its  first  bulk, 
the  specific  graAuty  taken,  and  the  amount  of  malt  extract 
determined  by  the  aid  of  the  folloAving  tables.  If  the  beer  has 
been  distilled,  the  residue  in  the  retort  or  flask  can  be  made  up 
to  the  original  bulk,  brought  to  the  proper  temperature,  and 
treated  as  just  described. 

The  alcoholic  strength,  the  acetic  acid,  and  the  amount  of 
malt  extract  being  knoAvn,  the  analyst  can  now  giAm  a fairly 
approximate  estimate  of  the  amount  of  malt  originally  used  in 
the  brewing  of  the  beer.  To  do  this  it  is  necessary  to  calcu- 
late the  “original  gravity”  of  the  beer.  The  specific  graifity 
of  the  alcoholic  distillate  (or,  if  an  indirect  process  has  been 
used,  the  specific  gravity  of  the  alcoholic  strengtli)  subtracted 
fi'om  1000,  gives  a number  called  the  “ spirit  indication.”  The 
degrees  of  gravity  lost  are  then  ascertained  by  the  aid  of  the 
folloAving  tables,  using  the  first  if  the  beer  has  been  distilled, 
and  the  second  if  the  evaporating  ])rocess  has  been  used.  The 
degrees  ofgraAuty  thus  found  are  added  to  the  specific  graAfity 
of  the  boiled  beer,  and  the  number  thus  obtained  is  called  “the 
original  gravity  of  the  Avort.”  On  reference  to  Table  I.,  the 
amount  of  malt  extract  is  detei’mined,  Avhich  cori’csponds  to  this 
original  gravitiL 
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Table  I. — Specific  Gravity  and  Strength  of  Malt  Extract. 


! 

Specific 

Malt 

Specific 

Malt 

Specific 

Malt 

Specific 

Malt 

Gravity. 

Extract. 

Gi’avity. 

Extract. 

Gravity. 

i 

Extract. 

Gravity. 

Extract. 

! 1,0000 

0,000 

! 1,0047 

1,175 

1 1,0094 

2,350 

1 

1,0141 

3,525 

, 1,0001 

025 

j 48 

200 

95 

375 

142 

550 

1 2 

050 

i 49 

225 

96 

400 

; 143 

575 

! 3 

075 

1,0050 

250 

97 

425 

144 

600 

4 

100 

51 

275 

98 

450 

145 

625 

5 

125 

52 

300 

99 

475 

146 

650 

6 

150 

53 

325 

1,0100 

500 

147 

675 

7 

175 

54 

350 

101 

525 

148 

700 

8 

200 

55 

375 

102 

550 

149 

725 

9 

225 

56 

400 

103 

575 

1,0150 

750 

1,0010 

250 

57 

425 

104 

600 

151 

775 

11 

275 

58 

450 

105 

625 

152 

800 

12 

300 

59 

475 

106 

650 

153 

825 

13 

325 

1,0060 

500 

107 

675 

154 

850 

14 

350 

61 

525 

108 

700 
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875 

15 

375 

62 

550 

109 

725 
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900 

’ 16 

400 

1 63 

575 

1,0110 
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925 

17 

425 

1 64 

600 

111 

775 
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955 

18 
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1 65 
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800 
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970 
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4,000 
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67 
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025 
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725  ! 
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73 
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27 
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700 
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1,0170 

250 

1,0030 
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125  ! 
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.300 

32 
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150  j 
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33 
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1,0080 
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127 

175  i 
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850 
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200 
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375 

35 

875 
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176 

400 
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83 

075 
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425 
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925 

84 

100 
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85 
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300 
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500 
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1,000 

87 

175  ! 

134 

350 

181 

525 

41 

025 
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135 
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136 

400  i 

183 

575 

43 

075  1 
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45 
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125  ! 

91 

92 
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1.38 
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Table  I. — continued. 


Specific 

Gravity. 

Malt 

Extract. 

Specific 

Gravity. 

Malt  1 
Extract.  ! 

1 

Specific 

Gravity. 

Malt 

Extract. 

Specific 

Gravity. 

Malt 

Extract, 

1,0376 

9,316 

1,0423 

10,452 

1,0470 

11,571 

1,0517 

12,690  j 

377 

341 

424 

476 

471 

595 

518 

714 

378 

365 

425 

500  : 

472 

619 

519 

738 

379 

389 

426 

523  1 

473 

642 

1,0520 

761 

1,0380 

413 

427 

547 

474 

666 

521 

785 

381 

438 

428 

571 

475 

690 

522 

809 

382 

463 

429 

595 

476 

714 

523 

833 

383 

488 

1,0430 

619 

477 

738 

524 

857 

384 

512 

431 

642 

478 

761 

525 

881 

385 

536 

432 

606 

479 

785 

526 

904 

386 

560 

1 433 

690 

1,0480 

809 

527 

928 

387 

584 

1 434 

714 

481 

833 

528 

952 

388 

609 

435 

738  i 

482 

857 

529 

976 

389 

633 

436 

761 

•483 

881 

1,0530 

13,000 

1,0390 

657 

437 

785 

484 

904 

531 

023 

391 

681 

438 

809 

485 

928 

532 

047 

392 

706 

439 

833 

486 

952 

533 

071 

393 

731 

1,0440 

857 

487 

986 

5.34 

095 

394 

756 

441 

881 

488 

12,000 

535 

119 

395 

780 

442 

904 

489 

023 

536 

142 

396 

804 

1 443 

928 

1,0490 

047 

537 

166 

397 

828 

i 444 

952 

491 

071 

538 

190 

398 

853 

‘ 445 

976 

492 

095 

539 

214 

399 

877 

i 446 

11,000 

493 

119 

1,0540 

238 

1,0400 

901 

447 

023 

494 

142 

541 

261 

401 

925 

448 

047 

495 

166 

542 

285 

402 

950 

449 

071 

496 

190 

543 

309 

403 

975 

1,0450 

095 

i 497 

214 

544 

333 

404 

10,000 

451 

119 

498 

238 

545 

357 

405 

023 

452 

142 

499 

261 

546 

381 

406 

047 

453 

166 

1,0500 

285 

547 

405 

407 

071 

454 

190 

501 

309 

548 

428 

408 

095 

455 

214 

502 

333 

549 

452 

409 

119 

456 

238 

503 

357 

1,0550 

476 

1,0410 

142 

457 

261 

504 

381 

551 

500 

411 

166 

458 

285 

505 

404 

552 

523 

412 

190 

459 

309 

506 

428 

553 

547 

413 

214 

1,0460 

333 

1 507 

452 

554 

571 

414 

238 

461 

357 

! 508 

476 

555 

595 

415 

261 

462 

381 

509 

500 

556 

619 

416 

285 

463 

404 

1,0510 

523 

557 

642 

417 

309 

464 

428 

511 

547 

558 

666 

418 

333 

465 

452 

512 

571 

559 

690 

419 

357 

466 

476 

513 

595 

1,0560 

714 

1,0420 

381 

467 

500 

514 

619 

561 

738 

421 

404 

468 

523 

515 

642 

562 

761 

422 

428 

469 

547 

516 

i 

666 

563 

785 
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Table  I. — continued. 


Specific 

Gravity. 

Malt 

Extract 

Specific 

Gravity. 

1 

Malt 

Extract. 

Specific 

Gravity. 

Malt 

! Specific 
Graviiy. 

i 

Malt 

Extract. 

1,0564 

13,809 

1,0604 

14,76J 

1 1,0643 

15,(574 

1,0682 

16,  .581 

565 

833 

605 

785 

644 

697 

683 

604 

566 

857 

()06 

809 

645 

721 

684 

627 

567 

881 

607 

833 

646 

744 

685 

650 

568 

904 

608 

857 

()47 

767 

686 

674 

569 

928 

609 

881 

648 

790 

687 

697 

1,0570 

952 

1,0610 

904 

649 

814 

688 

721 

571 

976 

611 

928 

1,0650 

837 

(589 

744 

572 

14,000 

612 

952 

651 

860 

1 ,0690 

767 

573 

023 

613 

976 

652 

883 

(591 

790 

574 

047 

614 

1.5,000 

653 

907 

692 

814 

575 

071 

615 

023 

654 

930 

693 

837 

576 

095 

616 

046 

655 

9.53 

694 

860 

577 

119 

617 

070 

656 

976 

<595 

883 

.578 

142 

618 

093 

657 

16,000 

(596 

907 

579 

166 

619 

116 

(558 

023 

697 

930 

1,0580 

190 

1,0620 

1.39 

659 

04(5 

698 

953 

581 

214 

621 

162  1 

1,0660 

070 

(599 

976 

582 

238 

(>22 

186  ; 

661 

093 

1,0700 

17,000 

583 

261 

()23 

209  ! 

(562 

11(5 

701 

022 

584 

285 

624 

232  ; 

(563 

139 

702 

045 

585 

309 

()25 

255  i 

(564 

162 

703 

067 

586 

333 

626 

278  i 

665 

186 

704 

090 

587 

357 

627 

302 

6(56 

209 

705 

113 

588 

381 

628 

325  1 

(567 

232 

706 

136 

589 

404 

629 

348 

(568 

255 

707 

158 

1,0590 

428 

1,0630 

371 

(569 

278 

708 

181 

.591 

452 

()31 

395  : 

1,0(570 

302 

709 

204 

592 

476 

()32 

418  ‘ 

(571 

325 

1,0710 

927 

593 

500 

633 

441  : 

(572 

348 

711 

250 

594 

523 

634 

464  ! 

(573 

371 

712 

979 

595 

.547 

635 

488  1 

(574 

395 

713 

295 

596 

571 

636 

511 

(575 

418 

714 

318 

597 

595 

637 

534  , 

(57(5 

441 

715 

340 

598 

619 

638 

.557  1 

(577 

464 

716 

363 

599 

642 

639 

581  i 

(578 

488 

717 

386 

1,0600 

666 

1,0640 

604 

(579 

511  ’ 

718 

409 

601 

690 

641 

627 

1,0(580 

534  ' 

719 

431 

602 

714 

642 

650 

681 

.557  : 

1,0720 

17,454 

603 

738 

' 

1 
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From  the  malt  extract  the  amount  of  malt  used  is  calculated, 
32-0  of  malt  equalling  21 -0  of  extract ; or,  instead  of  referring 
to  the  malt  extract  tables,  1000  may  be  subtracted  from  the 
original  gravity,  and  the  remainder  multiplied  by  - 0025,  which 
will  equal  the  total  amount  of  malt  extract  per  gallon  in  pounds 
weight. 


Examples. 


(1.)  An  ordinary  Mild  Ale. 

1000-0 

Specific  gravity  of  alcoholic  distillate  = 993 -G 


Spirit  indication,  . . G-4 


This  spirit  indication  on  reference  to  Table  II.,  equals  26‘0. 


Gravity  of  boiled  beer  . . . = 1-014-2 

Add,  .......  2G'0 


Original  gravity,  . . 1-040-2 

Xow,  in  reference  to  Table  I.,  1-0402  correspond  to  9-950  parts 
of  extract  in  100,  or  -9950  lbs.  j)er  gallon. 


Or,  if  from  the  original  gravity 

1-0402 

Be  subtracted  . . . . 

1-000 

And  the  number  obtained  . 

402 

Be  multiplied  by  ... 

•0025 

The  product  equals 

1-005 

I which  does  not  materially  differ  from  the  amount  obtained  from 
I ; the  tables. 


(2.)  A beer,  by  the  evaporation  process,  indicated  9-7  per  cent, 
of  alcohol.  On  reference  to  the  specific  gravity  tables  (p.  125), 
the  specific  gravity  corresponding  to  this  strength  is  -9896. 


1000-0 

989-6 


Spirit  indication  . . = 10-4 

{I  This,  according  to  Table  III.,  corresponds  to  47-1. 

The  gravitv  of  the  boiled  beer  was  . 1016-2 

: Add  . " 47-1 


Original  gravity 


1063-3 
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coiTosponcling,  according  to  tlie  tables,  to  1’5441  llis.  of  malt 
extract  to  the  gallon.  The  a,monnt  of  malt  used  in  the  two 

o 

e.xamples  is  found  thus — 

(1.)  — ^ _ 1-508  lbs.  of  malt  to  the  gallon. 

210 

=;  2-352G  lbs.  of  malt  to  the  gallon. 

210  ® 

If  the  beer  sliould  have  a somewhat  large  proportion  of  acetic 
acid  (as  in  old  and  hard  beers),  it  will  be  necessary  to  take  into 
account  the  loss  of  gravity  by  acetic  acid.  This  complicates  the 
calculation,  and  is  only  occasionally  required. 

The  loss  of  gravity  by  acetic  acid  is  obtained  by  the  use  of 
the  following  table  (see  Table  IV).  Let  us  suppose  '30  per  cent, 
of  acetic  acid  to  have  been  found  in  E.xample  1 ; from  this  sub- 
tract -10  per  cent.,  the  amount  which  may  be  taken  as  incidental 
to  healthy  fermentation,  and  allowed  for  in  the  table.  Thus, 


Total  acetic  acid  present,  ....  -36 

])educt  . . . . . . . -10 

Acetic  acid  to  be  taken  account  of,  . . -26 

This  ‘20,  according  to  the  table,  equals  *31,  the  number  to  be 
added  to  tlie  spirit  indication. 

Spirit  indication  from  alcohol,  . . . CM 

,,  ,,  from  acetic  acid,  . . -34 

Total  spirit  indication,  . . G'74 

The  rest  of  the  calculation  is  as  before. 


It  may  be  desirable  to  examine  the  malt  extract  furthei’,  and 
specially  Avith  a vieAV  to  ascertaining  Avhether  grape  sugar  has 
been  used  in  place  of  malt,  or  not.  This  may  bo  done,  according 
to  Haarstick,  by  taking  advantage  of  the  hict  that  most,  perhaps 
all,  of  the  grape  sugars  of  commerce  contain  Bechamp’s  amylin, 
a substance  of  great  rotatory  poAver,  and  one,  moreover,  not 
destroyed  by  fermentation. 

The  samples  of  beer  Avere  examined  by  Haarstick  as  follows:— 

1 litre  of  beer  Avas  evaporated  to  a syrup,  to  Avhich  alcohol  of 
90  per  cent.  Avas  added,  drop  by  drop,  from  a burette  Avith  con- 
stant agitation,  until  a volume  of  about  300  cc.  had  been  used. 
The  separation  of  dextrine  Avas  completed  Avith  95  jier  cent, 
alcohol,  until  the  filtrate  did  not  shoAv  the  least  turbidity  when 
mixed  Avith  an  equal  bulk  of  95  per  cent,  alcohol.  The  mixture  | 
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was  tlieii  left  at  rest  for  twelve  hours,  hltered,  and  the  greater 
part  of  the  alcohol  distilled  ofi‘.  The  remainder  was  evaporated  to 
dryness  on  a water-bath,  the  solid  portion  dissolved  in  distilled 
water,  and  the  solution  diluted  to  a litre,  and  fermented  with  yeast 
at  20°,  until  all  the  sugar  had  been  destroyed.  The  fermentation 
Avas  completed  on  the  fourth  day,  and  the  result  of  the  process 
was,  that  beers  prepared  without  grape  sugar  gave  a solution  of 
no  rotatory  poAv^er,  while  tliose  prepared  with  grape  sugar  turned 
the  plane  of  polaiisation  2‘0°  to  3'4°  to  the  right,  as  observed 
in  Hoppe’s  scale. 

(5.)  The  Hop  Resin  and  Glycerine. — Griessmayer'”'  estimates  the 
hop  resin  and  glycerine  by  concentrating  the  beer  to  one-third  of 
its  bulk,  and  shaking  it  up  with  petroleum  ether;  this,  on  separa- 
tion and  evaporation,  leaves  the  hop  resin.  The  liquid  now 
freed  from  hop  constituents  is  made  alkaline  by  baryta  water, 
or,  better,  by  barium  alcoholate,  and  shaken  up  several  times 
with  a mixture  of  two  pai’ts  of  alcohol  and  three  of  ether;  the 
latter,  on  being  separated  and  evaporated  in  the  usual  Avay,  leaves 
the  glycerine. 

(G.)  The  Nature  of  the  Bitter  used. — This  is  the  most  difficult 
part  of  the  investigation,  and  requires  a Amry  considerable  amount 
of  practical  knowledge.  In  most  cases  it  is  sufficient  to  use 
some  of  the  special  processes  hereafter  described,  and  restrict  the 
inquiry  to  ]n-oving  the  absence  of  picric  acid,  of  picrotoxin,,and 
of  any  other  specially  noxious  substance  Avhich  may  be  suspected. 
Should,  hoAveAmr,  the  analyst  desire  to  examine  the  beer  gene- 
rally for  various  organic  principles,  the  elaborate  process  worked 
out  by  Dragendorff  (see  Index)  is  decidedly  the  best.  About 
GOO  to  1000  cc.  of  the  beer  are  eAmpoi’ated  to  a syrupy  consist- 
ence, and  sufficient  strong  alcohol  is  added  to  precipitate  the 
dextrine.  The  whole  is  filtered,  and  after  standing  some  hours, 
the  filtrate  acidulated  with  sulphuric  acid,  and  shaken  up  suc- 
cessively Avith  petroleum  ether,  benzine,  chloroform,  and  (if 
salicin  be  sought)  amylic  alcohol. 

Or,  the  beer  may  be  precipitated  Avitli  acetate  of  lead,  filtered, 
the  excess  of  lead  throAvn  out  by  sulphuric  acid,  and  treated 
Avith  the  sohmnts  as  described.  If  inquiry  be  made  as  to  the 
nature  of  the  residue  left  by  these  different  solvents  in  beer 
simply  made  from  hops  and  malt,  it  appears  that — 

(1.)  The  ether  extracts — 

{a.)  An  amorphous,  slightly  bitter  substance,  soluble  in  ether 
and  alcohol,  and  partially  soluble  in  Avater;  this  is  derived  from 
both  hops  and  malt ; 

* Dent,  Chem.  Ges.  Ber.,  xi.  292,  293. 
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(6.)  A substance  precipitable  by  basic  acetate  of  lead;  and  one 
(c.)  Becoming  red  by  Friihde’s  reagent;  both  derived  from  the 

hop. 

(d.)  A substance  derived  from  the  hop  alone,  becoming  red 
with  sulphuric  acid  and  sugar. 

(2.)  Benzine  extracts  the  same  substances,  and  in  addition — 
(e.)  A substance  derived  from  the  hop,  which  precipitates 
rj  tannin; 

{f.)  A substance  derived  from  the  malt,  becoming  dark -brown 
on  the  addition  of  sulphuric  acid. 

(3.)  Chloroform  extracts  {a.),  {b.),  and  (e.),  and  also  (/’),  a sub- 
stance partly  precipitated  by  potassium  iodide  and  phosphomo- 
lybdic  acid; 

{g.)  A siibstance  reducing  ammoniacal  solution  of  silver 
nitrate; 

(h.)  A substance  crystallisable  from  ether.  All  of  these  are 
derived  from  the  malt. 

The  normal  reactions  of  the  substances  being  known,  the  fol- 
lowing scheme  will  be  found  useful,  always  bearing  in  mind  that 
few  chemists,  should  they  obtain  any  of  the  reactions  mentioned, 
would  conclude  from  this  alone  that  the  substance  is  actually 
present.  The  reaction  would  be  considered  as  an  indication  only 
to  he  supplemented  by  other  evidence.  Unless  this  is  remembered 
and  acted  upon,  the  most  unfortunate  errors  may  be  committed 
by  the  inexperienced.  The  beer  is  most  conveniently  shaken  up 
ith  the  solvent  in  the  flask  flgured  p.  74;  the  ether  and 
benzine  will  float  at  the  top,  the  chloroform  will  gravitate  to  the 
bottom ; in  either  case  separation  is  tolerably  easy.  It  will, 
owever,  be  found  a good  plan,  in  the  first  place,  to  separate  the 
iquids  i-ather  roughly — i.e.,  to  draw  off  the  ether,  benzine,  and 
hloroform  layers,  with  some  of  the  adjacent  liquid,  to  wash  this 
n the  same  flask  with  water,  to  withdraw  the  solvent  from  the  water 
s completely  as  possible  by  the  separating  flask,  and  if  this  (as 
sometimes  happens)  is  not  very  feasible,  to  evaporate  the  impure 
liquid  to  dryness  in  a water-bath,  and  exhaust  the  residue  with 
the  original  solvent.  The  latter  may  be,  in  the  first  place,  con- 
centrated over  hot  water,  and  then  portions  distributed  between 
two  or  three  watch-glasses,  and  evaporated  to  dryness. 


I.  THE  ACID  SOLUTION. 

Petroleum  IIesidue. 

^ (a.)  It  is  amorphous,  colours  sulphuric  acid  first  brown,  then 
|violet,  and  finally  red  violet.  Traces  of  Absynthin. 
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{b.)  It  is  amorphous,  colourless,  having  a hot  taste,  reddening 
the  skin,  and  colouring  sulphuric  acid  brownish-red. 

Traces  of  Ca2mcin. 

(c.)  It  is  amorphous,  green,  is  coloured  by  sulphuric  acid  and 
sugai’,  and  gives  no  precipitate  with  ammoniacal  silver  solution. 

Resin  of  the  J unijoer  berries. 

{d.)  It  is  ciystalline,  yellow,  and  becomes  blood-red  on  warm- 
ing with  cyanide  of  potash.  Picric  acid. 


Benzine  Residue. 

A. — Crystalline  residue. 

It  is  not  bitter,  caustic  potash  colours  it  purple-red,  sulphuric 
acid  first  red,  then  oi-ange.  Aloetin. 


B. — Amorphous  residue. 

a.  — The  residue  soluble  in  water  ; does  not  trouble  or  reduce  rjold 
cMoride  solution  in  the  cold. 

(a.)  Tannin  does  not  precipitate  the  solution  in  water 
residue  sharp  tasting. 

1.  Sulphuric  acid  colours  it  red  brown.  Capsicin. 

2.  Sulphuric  acid  colours  it  brown.  Daphne  bitter. 

(b.)  Tannin  precipitates  the  solution  in  wmter,  the  residue 

somewhat  bitter. 

I.  Basic  lead  acetate  causes  a weak  turbidity,  sulphuric 
acid  and  sugar  scarcely  redden. 

1.  Iron  cliloride  colours  the  watery  solution,  on  warm- 
ing, brownish -green;  taste  slightly  bitter. 

Gentian  bitter. 

2.  Iron  chloi'ide  colours  the  watery  solution  brown;  ' 
taste  peculiar,  almost  unsupportably  bitter. 

Quassiin. 

II.  Basic  lead  acetate  strongly  precipitates,  sulpliuric 
acid  and  sugar  colour  it  gradually  a beautiful  cherry-red ; 
taste  bitterish.  Cnicin. 

b.  — The  residue  soluble  in  loater ; does  not  trouble  solution  of  gold 
chloride  in  the  cold,  but  reduces  it  on  loarming. 

[a.)  Tannin  causes  a faint  turbidity  in  the  watery  solution, 
ammoniacal  silver  solution  is  not  reduced.  Heated  with 
diluted  sulphuric  acid,  an  ericinol  smell  is  developed. 
ITbhde’s  reagent  colours  it  black-brown,  sulphuric  acid 
and  sugar  beautiful  red.  Ledum  bitter. 

{b.)  Tannin  precipitates  the  watery  solution,  ammoniacal 
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solution  of  silver  is  reduced.  Heated  with  diluted  sul- 
phuric acid,  a weak  smell  of  menyanthol  is  developed. 

Trifolium  hitter. 

c.  — The  residue  soluble  in  water,  'preci'pitates  in  the  cold  chloride 

of  gold,  hut  does  not  reduce  it  upon  loarming.  Heated  with 
diluted  sulphuric  acid  (1  of  acid  to  5 of  water),  it  gives  a weak 
benzoic  acid  smell.  Gentaurea  hitter. 

d. - — The  residue  soluble  in  loater,  precipitates  in  the  cold 

chlcyi'ide  of  gold,  which  it  reduces  upon  warming.  Sulphuric 
acid  dissolves  it  first  brown,  then  gradually  violet,  after  the 
addition  of  water  quickly  a beautiful  violet.  Hydrochloric  acid 
of  1 ’135  specific  gravity  colours  it  first  green,  then  a beautiful 
blue.  A hsynthin. 


Chloroform  E,esidue. 

A. — Chloride  of  gold  does  not  precipitate,  and  is  not  reduced. 
a. — Tannin  gives  no  precipitate,  the  residue  has  a pungent 
taste.  Sulphuric  acid  colours  it  dark-brown  red,  it  reddens  the 
skin.  Gapsicin. 

h. — Tannin  precipitates. 

(a.)  Basic  lead  acetate  gives  a decided  precipitate.  Heated 
with  diluted  sulphuric  acid  it  is  first  troubled,  then  it 
becomes  brown-red,  and  develops  a weak  smell  of  benzoic 
add.  Gnicin. 

(b.)  Basic  acetate  of  lead  gives  little  or  no  precipitate. 

I.  Stdphuric  acid  colours  hroion. 

1.  Besidue  bitter. 

aa.  Strongly  bitter.  Quassiin. 

hh.  Besidue  somewhat  bitter.  Gentian  hitter. 

2.  Besidue  tasting  pungent.  Daphne  hitter. 

TI.  Sulphuric  acid  colours  hut  slightly  yellow,  or  not  at 

(dl.  Golocynth  hitter. 

’•  B. — Chloride  of  gold  does  not  precipitate  in  the  cold,  but  is 

j reduced  in  the  warm. 

" Oj. — Tannin  does  not  precipitate. 

1.  Intoxicates  fish,  tastes  bitter.  Picrotoxin. 

2.  Is  tasteless  or  slightly  bitter,  caustic  potash  colours  it 

red-brown.  Gonsiituent  of  Aloes. 

" h. — Tannin  precipitates. 

(«.)  Ammonia  solution  of  silver  is  reduced.  Heated  with 
dilute  sulphuric  acid,  as  well  as  with  Frdhde’s  reagent, 
there  is  a strong  smell  of  menyanthol.  Menyanthin. 

{h.)  Ammoniacal  solution  of  silver  is  not  reduced.  With 
concentrated  sulphuric  acid  and  sugar,  after  long  standing, 
a splendid  carmine  red  develops;  heated  with  diluted 
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sulphuric  acid,  as  well  as  with  Frohde’s  reagent,  an  in- 
tense ericolin  smell  is  developed.  Ericolin. 

C.  — Chloride  of  gold  pi'ecipitates  in  the  cold,  and  is  not 
reduced  by  the  application  of  heat.  Nitric  acid  colours  violet. 

Colchicine. 

Heated  with  sulphuric  acid,  an  odour  somewhat  like  trifoliuiu 
is  developed,  then  the  solution  becomes  red-brown,  and  the 
smell  similar  to  benzoic  acid.  Centaurea  hitter. 

D.  — Chloride  of  gold  precipitates  in  the  cold  and  reduces  in 

the  warm.  Sulphuric  acid  colours  brown,  then  the  solution 
becomes  gradually  dirty  violet.  Wormivood  hitter. 

If  necessary  to  go  farthei',  search  may  be  made  for  the  alka- 
loids by  rendering  the  liquid  weakly  alkaline  by  carbonate  of 
soda  or  by  ammonia. 

II.  THE  ALKALINE  SOLUTION. 

I,  Eesidue  obtained  by  shaking  up  with  Benzine. 

(1.)  It  dilates  the  pupil  of  a cat. 

(a.)  Platin  chloride  does  not  precipitate  the  aqueous 
solution.  A solution  in  sulphuric  acid  gives  on  warm- 
ing a peculiar  smell.  Atropine. 

(h.)  Platin  chloride  precipitates.  Ilyoscyamin. 

(2.)  It  does  not  dilate  the  pupil. 

{a.)  The  sulphuric  acid  solution  gives  with  oxide  of 
cerium  or  bichromate  of  potash  a blue  colour. 

Strychnine. 

(h.)  The  sulphuric  acid  solution  gives  a red  colour  with 
nitric  acid  solution.  Brucin. 

II.  Besidue  obtained  from  shaking  it  up  with  Amylic 
Alcohol. — (This  need  only  be  done  if  salicin  be  suspected.)  On  . 
warming  with  sulphuric  acid  and  bichromate  of  potash,  a smell 
of  salicylic  acid  is  developed.  Salicin. 

A very  good  process,  only  aiming  at  the  identification  of  a . 
few  principles,  is  recommended  by  Enders  ; it  is  as  follows  : — 

The  beer  is  evaporated  to  a syrup,  the  dextrine  separated  by  I 
mixing  it  with  three  or  four  times  its  volume  of  alcohol,  the| 
liquid  filtered,  and  the  sugar  precipitated  by  ether.  The  filtered; 
ether-alcohol  solution  is  evaporated,  the  residue  dissolved  in. 
alcohol,  mixed  with  watei',  and  precipitated  by  means  of  acetate- 
of  lead.  The  precipitate  is  filtered,  the  filtrate  put  on  one  side. 
The  washed  precipitate  is  then  separated  from  lead  by  SH,,  thei 
lead  sulphide  filtered  and  washed  with  alcohol,  and  the  fiftratei 
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(as  Avell  as  the  alcohol  washing  of  lead  sulphide)  evaporated 
together.  The  residue  is  dissolved  in  chloroform,  and  the  solu- 
tion warmed  with  water  until  all  the  chloroform  is  driven  off. 
The  hop  hitter,  which  remains  insoluble,  is  filtered  off,  and  the 
filtrate  evaporated  to  di'yness.  The  lupulin  in  it  should  taste 
bitter  and  have  an  acid  reaction ; it  is  soluble  in  alcohol,  ether, 
and  chloroform;  is  not  precipitated  when  in  solution  in  weak 
.spirit  by  tannic  acid,  but  is  precipitated  by  acetate  of  lead, 
f Ammoniacal  solution  of  silver  is  not  reduced  by  it.  The  filtrate 
of  the  first  lead  precipitate  is  freed  from  lead  by  SHg,  the  lead 
sulphide  filtered  off  and  washed  with  hot  water,  the  excess  of 
SHg  driven  off  by  warming,  and  then  tannin  added  to  the  filtrate. 
If  no  precipitate  occurs,  absynthin,  quassiin,  and  menyanthin  are 
absent.  Any  precipitate  is  filtered,  dried  with  carbonate  of 
lead,  boiled  with  alcohol,  evaporated,  and,  lastly,  treated  with 
ether.  The  latter  agent  dissolves  absynthin,  which  is  also 
soluble  in  alcohol,  and  in  much  hot  water;  from  the  latter  solu- 
tion it  is  precipitated  by  tannic  acid,  but  not  by  lead  acetate;  it 
is  soluble  in  sulphuric  acid,  and  on  careful  addition  of  water  to 
this  solution  a violet-hlue  colour  is  produced.  Absynthin  reduces 
an  ammoniacal  solution  of  silver.  Ether  leaves  menyanthin  and 
quassiin  undissolved.  Both  are  soluble  in  alcohol,  and  the  latter 
behaves  towards  tannic  acid  and  acetate  of  lead  like  absynthin. 
i(liMenyanthin  reduces  ammoniacal  solution  of  silver,  quassiin  does 
jnot. 

Picrotoxin*  may  be  specially  tested  for  by  some  one  of  the 
following  processes  : — 

Herapathbs  Process. — Mix  the  beer  with  acetate  of  lead  in 
3j(excess;  filter,  and  transmit  sulphuretted  hydrogen  through  the 
filtrate.  Eilter  again,  concentrate  the  filtrate,  and  treat  it 
with  animal  charcoal,  which  has  the  property  of  absorbing  the 
picrotoxin.  Wash  the  animal  charcoal,  dry  at  212°E.,  and  boil 
with  alcohol ; this  dissolves  out  the  picrotoxin,  from  which  it 
may  be  obtained  in  tufts  of  ciystals. 

Depaire's  Process. — Mix  with  1 litre  of  beer  finely  powdered 
rock  salt  (which  throws  down  the  resinous  and  extractive 
matters),  and  shake  the  liquid  with  ether ; an  impure  picrotoxin 
crystallines  on  separating  the  ether  and  evaporating  it : or  the 
beer  may  be  simply  acidulated  with  hydrochloric  acid  and  agitated 
with  ether,  the  ether  separated  and  evaporated  as  before. 

Schmidt's  Process. — 1.  Evaporate  the  beer  in  a water-bath  to  a 
J syrupy  consistence,  mix  it  with  tepid  water  till  it  is  perfectly 
liquid,  so  as  to  bring  the  Amlume  to  a third  of  the  liquid  used ; heat 

* Picrotoxin  is  fully  described  in  the  second  portion  of  this  work.  (See 
Index. 
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and  shake  with  animal  charcoal.  Let  it  stand  several  hours,  filter, 
and  heat  slightly ; precipitate  by  basic  acetate  of  lead,  and  again 
filter.  The  liquid  should  now  be  of  a yellow  wine-colour  3 if  not, 
re-filter  through  animal  charcoal.  Add  from  5 to  10  cubic  centi- 
metres of  amylic  alcohol,  and  shake  briskly  several  times  at 
intervals ; after  twenty-four  hours  the  amylic  alcohol,  containing 
the  greater  part  of  the  picro toxin,  collects  on  the  surface.  The 
remainder  is  subsequently  eliminated  by  fresh  treatment  with 
amylic  alcohol.  Collect  the  limpid  layers  of  this  alcohol,  and 
leave  tlie  rest  to  evaporate  spontaneously.  On  the  sides  of  the 
capsule  a yellowish  ring  forms,  and  this  contains  the  picrotoxin 
mixed  with  resinous  substances. 

2.  Isolation  of  the  Picrotoxin. — First,  dissolve  the  resinous 
product  in  weak  alcohol,  evaporate  to  dryness,  recover  by  a little 
boiling  water  containing  a small  quantity  of  H.2SO^,  boil  to  expel 
any  volatile  matter,  add  a little  animal  black  to  eliminate  all 
extractive  and  resinous  matter,  and,  lastly,  filter.  Evaporate 
inodorous  liquid,  and  when  a fresh  bitter  taste  is  developed, 
shake  up  with  ether ; this  redissolves  the  picrotoxin,  and  collects 
into  a distinct  layer  on  the  surface  of  the  liquid.  Treat  again 
with  ether,  and  the  whole  of  the  picrotoxin  is  eliminated;  finally, 
the  ethereal  liquids  ai’e  mixed,  a little  alcohol  is  added,  and 
the  whole  is  evaporated.  The  white  or  yellowish  ring  formed 
consists  of  picrotoxin,  which  then  has  only  to  be  dissolved  in 
alcohol  to  furnish  the  immediate  principle  in  the  form  of  well- 
defined  crystals.  These  crystals,  however,  will  not  be  obtained 
unless  the  solution  be  quite  free  from  resinous  substances;  if 
not  free,  and  if,  for  instance,  the  ethereal  solution  is  of  a yellow 
colour,  it  must  be  recovered  with  water  and  treated  by  charcoal, 
as  above  described. 

Schmidt  was  able  to  detect  by  this  process  0-04  of  picrotoxin 
in  a bottle  of  beer  which  had  been  adulterated  with  eight  grains 
of  Indian  berry.* 

Dragendorff  has  modified  the  method  of  Schmidt,  by  adding 
an  excess  of  acetate  of  lead,  precipitating  this  by  SH„  and  with 
the  lead  sulphide  getting  rid  of  some  colouring  matter.  The  • 
sulphide  of  lead  may  be  washed  and  dried,  and  then  boiled . 
with  ether,  to  recover  any  picrotoxin  which  has  gone  downi 
with  it. 

By  the  following  process  the  animal  charcoal  may  be  dispensed  I 
with  altogether  : — The  beer  is  first  evaporated  to  a syrup,  then  i 
4 to  5 vols.  of  alcohol  of  90  to  94  per  cent,  are  added.  After  • 
maceration  for  twenty-four  hours  at  a low  temperature,  the  • 
alcoholic  extract  is  evaporated,  the  residue  acidified  with  diluted  i 
* M.  Schmidt,  Chem.  News,  March  12,  1854,  p.  122, 
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SO^H.,,  and  treated  several  times  with  amyl  alcohol  or  chloro- 
form ; but  previously  to  this  the  fluid  should  be  shaken  up 
I several  times  with  benzine,  which  does  not  remove  any  picro- 
toxin.  The  rest  of  the  process  is  similar  to  that  of  Schmidt. 

§ 90.  Special  Tests  for  Picric  Acid. — If  picric  acid  alone  should 
be  sought  for,  the  quickest  way  is  to  agitate  the  beer  in  the 
I separating  flask,  described  p.  7 4,  with  half  its  volume  of  amylic 
jalcohol.  On  separating  and  evaporating  the  alcohol,  if  pici’ic 
acid  be  present  a yellow  residue  will  be  left,  and  can  be  identifled 
by  the  action  of  potassic  cyanide,  as  described  below.  It  will 
not  be  worth  while  testing  specially  for  picric  acid  if  the  beer,  on 
, being  treated  with  subacetate  of  lead,  loses  nearly  all  its  bitter 
taste ; but  if,  on  the  contrary,  it  continues  bitter,  picric  acid,  or 
some  other  bitter  not  precipitable  by  acetate  of  lead,  is  present. 

Another  test  frequently  proposed  for  picric  acid  is  to  soak 
some  pure  wool  in  the  beer,  first  gently  warmed  over  the  water- 
bath  and  acidulated  with  HOI,  when  the  picric  acid  will  stain 
the  wool  yellow.  The  wool  thus  stained  may  next  be  warmed 
with  aqueous  ammonia,  the  liquid  filtered,  concentrated  to  a 
small  bulk,  and  a few  drops  of  a solution  of  potassic  cyanide 
,1  added,  when,  if  picric  acid  be  present,  a red  colour  (potassium 
■j  isopurpurate)  will  be  produced.  Picric  acid  may  be  also  recog- 
^ nised,  if  present,  by  spectroscopic  examination  : the  dried  extract 
f is  exhausted  either  by  amyl  alcohol  or  ether,  and  the  solution 
if  examined,  comparing  any  spectrum  obtained  with  that  given  by 
a solution  of  the  acid. 

§ 91.  Salicylic  Acid  is  used  occasionally  in  brewing.  If  the  beer, 
concentrated  to  a small  bulk,  is  acidified  with  hydrochloric  acid 
and  shaken  up  with  ether,  the  latter  solvent  will  extract  the 
organic  acid,  and  it  may  be  identified  by  the  colour  it  gives 
with  ferric  chloride,  and  by  its  physical  properties. 

§ 92.  (7.)  The  Ash. — -The  analysis  of  the  ash  of  beer  differs  in  no 
degree  from  an  analysis  of  ash  in  genei’al,  and  is  carried  out  in 
the  principles  detailed,  pp.  4-7.  The  substances  to  which  the 
analyst’s  attention  is  specially  directed  are — the  amount  of  salt, 
the  presence  or  absence  of  iron  (often  added  in  the  form  of 
sulphate  to  porter),  alum,  and  lead.*  Of  these  the  only  one 
necessary  to  allude  to  further  here  is  the  salt. 

The  salt  in  beer  is  determined  with  sufficient  accuracy  by 
charring  in  a platinum  dish  the  extract  from  70  cc.  of  beer  (it  is 
not  well  to  burn  to  a complete  ash,  for  in  so  doing  there  is 
always  a considerable  loss  of  chlorides).  The  charred  mass  is 
boiled  up  with  successive  portions  of  distilled  water,  filtered,  and 

^ Many  firms  now  use  large  copper  coolers,  but  no  injurious  amount  of 
copper  appears  to  have  been  as  yet  detected  in  beers. 
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the  filtrate  made  up  to  a known  bulk,  from  which  a convenient 
fractional  portion  is  taken,  and  titrated  with  a solution  of  nitrate 
of  silver  (4-79  grms.  to  the  litre),  1 cc=l  mgrm.  of  chlorine, 
using  as  an  indicator  neutral  chromate  of  potash.  The  chlorine 
found  is  calculated  and  exy^ressed  as  common  salt,  every  mgrm. 
of  salt,  when  70  cc.  are  taken,  being  equivalent  to  1 grain  in 
the  gallon.  Mr.  Griffin’s  convenient  measure,  the  septem  or  one- 
hundredth  of  a gallon,  may,  of  course,  be  used,  and  grains  instead 
of  grammes — each  grain  measure  of  niti-ate  of  silver  being  made 
to  correspond  to  one-tenth  of  a grain  of  common  salt  j>er  gallon. 
Should  the  amount  thus  found  indicate  more  than  50  or  60 
grains  per  gallon,  a second  determination  of  chlorine  should  be 
made  by  the  more  accurate  gravimetric  method  of  weighing 
the  chlorine  as  chloride  of  silver.  It  may  even  be  advisable  to 
make  a qualitative  and  quantitative  examination  of  the  soluble 
portion  of  the  ash  ; for,  if  called  as  a witness,  the  analyst  must 
be  prepared  to  state  positively  the  amount  of  chloride  of  sodium; 
nor  can  he  well  do  this  simply  from  the  soluble  chlorine,  for 
that  may  represent  other  chlorides  besides  sodium.  The  writer 
has  as  yet  seen  no  reason  to  change  the  limit  usually  fixed  of  50 
gx’ains  of  salt  per  gallon — anything  over  should  be  returned  as 
adulterated. 

The  amount  of  salt  derived  from  the  hops  and  malt  can 
approximatively  be  determined,  as  Mr.  Gatehouse  has  shown, — * 
First,  for  the  malt : by  taking  the  original  gravity,  as  before 
described  (p.l57),  obtaining  thence  the  quantity  of  malt  originally 
used  in  the  beer,  and  reckoning  the  malt  to  contain  -025  per 
cent,  of  salt  (and  certainly  no  malt  will  be  found  to  exceed 
this).  Then,  for  the  hops  : the  possible  maximum  of  salt  in 
hops  is  '345  per  cent.  The  quantity  used  in  brewing  being 
seldom,  if  evei’,  more  than  20  lbs.  per  quarter  of  malt  for  bitter 
beer,  and  generally  less  than  half  this  amount  for  strong  beer, 
and  this  weight  of  malt  giving  at  least  72  gallons,  the  salt 
derived  from  the  hops  cannot  in  bitter  beer  exceed  G-7  grains, 
and  in  strong  beer  3 '35  grains  per  gallon. 

Thus,  to  take  the  first  example  (p.  157),  the  oi'iginal  gravity  of 
which  was  1-0402,  corresponding  by  the  tables  to  9-950  lbs.  of 
malt  extract  per  gallon.  Since  320  of  malt  equal  210  of  extract, 
and  there  are  7000  grains  in  the  pound — 

9-950  X 320  X -0-25  x 7000 

210  X 100 


= 2-G5  grains  of  salt  per  gallon  as  the  possible  maximum  from 
* The  Amount  of  Salt  in  Beer.  Analyst,  Xo.  20,  1877. 
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the  malt,  the  beer  in  question  not  being  a bitter  beer.  .Add  to 
this  3 ‘35  as  possible  maximum  amount  of  salt  from  the  hops — 

2*65  from  malt, 

3-35  from  hops. 


6 '00  salt  possible  from  both  malt  and  hops. 


Now,  if  the  composition  of  the  water  used  in  bi-ewing  ba 

Ecnown,  one-third  more  than  the  actual  quantity  of  salt  in  the 
vater  present  may  be  added  to  the  number  representing  the  salt 
roni  the  hops  and  malt,  and  the  data  are  then  complete  for  the 
analyst  to  form  his  judgment.  The  amount  of  salt  in  the  water 
used  will,  however,  only  occasionally  be  known. 

The  numbers  used  in  the  above  calculations  being  constants,, 
the  process  is  shortened  by  simply  deducting  1000  from  the 
original  gravity,  and  multiplying  by  ’066  the  result,  giving  the 
salt  in  grains  per  gallon.  Thxis,  taking  an  example  from  Mr. 
Gatehouse’s  excellent  paper  : — * 

Per  cent. 

Beer  found  to  contain  alcohol,  . . . , .5-2 

Malt  extract, 7 -38 

Specific  gravity  of  alcohol  equals  ‘9911 ; the  spirit 
indication  therefore  equals  S'9,  giving  an 

original  gravity, 38  •& 

Gravity  of  boiled  beer,  ....  1030.6 


Original  gravity  of  wort,  . . . 1069 ‘2 

Salt  due  to  malt  alone  . . . 69‘2x066=  4‘567 

Salt  due  to  hops,  .......  3-350 

I Salt  due  to  water,  unknown. 

Possible  total  due  to  malt  and  hops,  ....  7-917 

'The  amount  of  salt  actually  found  being  8 '55 

It  has  been  suggested  that  the  concrete  sugary  so  largely  and 
legitimately  tised  by  brewers,  sometimes  contains  a considerable 


* Op.  cit. 

t It  IS  possible  for  arsenic  to  be  found  in  beers  manufactured  from  glucose, 
for  m certain  kinds  of  the  latter  arsenic  is  occasionally  discovered,  the  sub- 
stance probably  having  been  introduced  by  the  use  of  an  arsenical  sulphuric 
acid  in  the  process  of  manufacture.  The  darker  in  colour  the  glucose,  the 
more  likely  is  it  to  be  arsenical ; thus,  M.  Bitter  found— 


In  White  Glucose, 
„ Yellow  „ 

,,  Black  ,, 


Gnn. 

0-0105 

0-0170 

0-1094 


arsenic  per  kilogramme. 

)> 

>>  >) 


^ Clouet,  in  the  examination  of  a very  large  number  of  arsenical  ducoses 
ound  as  a minimum  0 0025  grni.,  as  a maximum  0 0070  grm.,  and  as  a 
nean  O-0051  grm.,  metallic  arsenic  per  kilogramme.  (T.  Clouet,  Du  <ducose 
irsenical.  Ami.  d’lJijQitne  Publique,  xlix.,  Jan.,  1878.)  ^ 
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amount  of  chlorides.  If  samples  are  found,  occasionally,  with 
more  than  a trace  of  chloride,  it  is  because  the  sugar  itself  has 
been  prepared  for  the  brewers ; nor  can  there  be  any  difference 
whether  the  brewer  adds  the  salt  as  salt,  or  first  mixes  it  with 
sugar.  However,  analytical  proof  of  sufficient  chlorides  naturally 
present  in  concrete  sugar,  to  raise  the  salt  in  beer  made  from 
ordinary  materials  to  over  50  grains  per  gallon,  is  wanting ; and 
all  the  evidence  in  its  favour  has  been  derived  from  loose  state- 
ments. 
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IV._WINE, 


§ 93.  Constituents  of  JFme. — Wine  is  the  fei’mented  juice  of  tlie 
jrape,  with  such  additions  only  as  are  essential  to  the  stability, 
)r  keeping  of  the  liquid  {Dupre).  The  principal  constituents  of 
ivine  are  enumerated  in  the  table  on  pp.  172,  173.*  The 
.’emaining  constituents  are  glycexdne,  formic,  succinic,  malic, 
propionic,  and  other  organic  acids,  compound  ethers,  one  or 
more  colouring  matters,  traces  of  tannin,  albuminous  substances, 
and  so-called  extractives. 

§ 94.  Adulterations  of  Wine. — The  adulterations  of  wine 
Dought  at  a fair  price  from  respectable  firms  do  not  appear 
numerous ; but,  on  the  other  hand,  low-priced  wines  (especially 
such  as  are  retailed  to  the  poor,  and  are  supplied  to  workhouses) 
are  often  of  extremely  bad  quality,  and  sometimes  entirely  ficti- 
tious.t  Thus,  Ports  are  fortified  with  bi-andy,  coloured  by 
various  ingredients,  plastered  with  gypsum  and  mixed  with 
inferior  wines ; salt  of  tartar  and  oenanthic  ether  are  often  added 
to  give  an  appearance  of  age,  alum  to  increase  the  brilliancy  of 
hue;  and  occasionally  (as  an  impurity,  or  as  an  unintentional 
adulterant)  lead  and  other  metals  are  detected.  Sherries,  again, 
are  plastered  and  fortified  to  a considerable  extent,  and  Clarets, 
Madeira,  and  Champagnes  are  all  subject  to  somewhat  similar 
sophistications. 

§ 95.  Analysis  of  Wine. — A complete  analysis  of  wine  embraces 
the  followins;: — 

O • 


1.  Determination  of  alcohol. 

2.  Percentage  of  solid  residue. 

3.  Estimation  of  succinic  acid  and  glycerine, 

4.  „ volatile  and  fixed  acids. 

5.  „ ethers. 


6. 

7. 

8. 
9. 

' 10. 


„ sugar. 

„ albuminous  matters  and  ammonia. 

„ tannin. 

Examination  of  the  colouring  matters. 

Estimation  and  analysis  of  ash. 


* Drawn  up  by  Dr.  Dupre.  Proceedings  of  Society  of  Public  Analysts, 
i.,  1876,  p.  77. 

t Dr.  A.  Cameron  has  found  in  Port  wine  supplied  to  Irish  workhouses 
12  per  cent,  of  solid  residue,  one-half  of  which  was  composed  of  grape  sugar. 
According  to  Maumene,  the  Paissian  military  pharmacopeia  contains  the 
following  receipt  for  making  a Port  wine  : — Cider,  3 kilogrms.  ; kino,  ’008 
kilogrm.  ; Old  Hock,  with  cider,  3 kilogrms. ; brandy,  1 kilogrm. ; nitric 
ether,  alcoholised,  "008. 
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Weight  in  Grammes  of  some  of  the  Chief  i 

Volumes)  of  the  Under- 


Particulars  of  Wiues  analysed. 

Specific  Gravity. 

3 

O 

o 

< 

o 

'p 

< 

Free  Fixed  Acid  as 
Tartaric  Acid. 

Free  Volatile  Acid 
as  Acetic  Acid. 

i 

f Total  Free  Acid  as 
Tartaric  Acid. 

Beal  Tartaric  Acid. 

Doz.  Vintage. 

Hock,  white,  .30s.  1802 

993-43 

95-0 

3-48 

0-57 

4-20 

... 

,,  ,,  40s.  1859 

993-48 

92-0 

4-20 

1-14 

5-62 

2-550 

,,  ,,  120s.  1857 

992-81 

104-4 

4-31 

0-93 

5-37 

0-675  ■ 

Claret,  . 15s.  18G5 

995  -58 

85-3 

4-24 

1-47 

6-08 

0-675 

,,  . 48s.  1805 

995-03 

120-0 

4-24 

1-74 

6-41 

1-875  i 

! „ . GOs.  1801 

994-73 

85-3 

3-23 

1-80 

5-48 

1-838  f 

Hungarian,  red,  21s. 

992-07 

113-0 

3-56 

2-49 

6-68 

0 -600  >■ 

,,  white,  34s. 

992-88 

95-4 

5-33 

1-47 

7-16 

0-675  : 

,,  ,,  42s. 

993-09 

94-9 

4-74 

1-80 

6-99 

0-375: 

Greek  wine. ,,  20s. 

994-50 

107-2 

3-41 

3-00 

7-16 

0'675  “ 

„ „ „ 2Ss. 

992-25 

124-5 

4-54 

1-GS 

6-64 

... 

,,  ,,  ,,  3Cs. 

993-17 

138-9 

2 -.33 

1-77 

4-54 

0-300»- 

Sherry,  . 22s.  1805 

994-09 

172-0 

2-70 

1-53 

4-61 

0-187- 

,,  liigli  price,  1800 

997-93 

178-1 

3-08 

1-68 

5-18 

0-262' 

„ „ „ 1857 

998-30 

184-0 

2-81 

1-62 

4-84 

0-1501 

Madeira,  E. I.,  GOs. 

993-94 

177-5 

3-26 

1-68 

5-36 

0-3001 

,,  high  price,  1812 

994-15 

180-0 

4-20 

3-27 

8-25 

... 

Port,  . 32s.  1804 

1004-70 

185-0 

3-08 

0-84 

4-13 

0-225! 

,,  high  price,  1854 

997-42 

175-3 

3-54 

1-07 

4-88 

0-225! 

„ „ „ 1812 

980-95 

182-6 

2-60 

108 

4-01 

015(1  ' 

Marsala,  . IGs.  old 

990-05 

167-1 

1-88 

l-ll 

3-26 

• •• 

,,  . 20s.  very  old 

999-05 

168-9 

2-25 

1-38 

3-98 

0-15(1 

, 

J 

WINE. 
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' iJSTITUENTS  OF  1 LlTRE  (1000  CC.  OR  1000 
: NTioNED  Wines  (Dupre). 


s 

3 

1 

4 

Grape  and  Fruit 
Sugar. 

Total  amount  of  Ash. 

Carbonate  of  i 

Potassium.  1 

Sulphates  and 
Chlorides. 

Phosphate  and  Car- 
bonate of  Calcium. 

Total  amount  of 
Phosphoric  Acid. 

Alcohol  in  Fixed 
Ethers. 

Alcohol  in  Volatile 
Ethers. 

Total  Alcohol  in 
Ethers  found. 

Total  Alcohol  in 
Ethers  calculated. 

Proportion  per  cent, 
of  Alcohol  found  to 
Alcohol  calculated. 

•03 

1-95 

0-58 

0-76 

0-60 

0-32 

0-132 

0-230 

0-362 

0-360 

100-5 

•55 

0-12 

1-70 

0-07 

0-78 

0-85 

0-30 

0-199 

0-239 

0-438 

0-458 

95-7 

•60 

M2 

1-45 

0-14 

0-46 

0-85 

0-35 

0-225 

0-239 

0-464 

0-493 

94-3 

•40 

4-31 

2-08 

0-66 

0-95 

0-48 

0-33 

0-155 

0-197 

0-352 

0-476 

74-0 

•33 

2-04 

2-25 

0-06 

1-05 

0-55 

0-30 

0-186 

0-248 

0-430 

0-581 

74-6 

•00 

0^95 

2-00 

0-38 

0-99 

0-63 

0-30 

0-166 

0-216 

0-382 

0-4-29 

88-8 

•85 

1-47 

1-85 

0-41 

0-91 

0-53 

0-35 

0-151 

0-35S 

0-509 

0-656 

77-6 

•20 

0-61 

1-75 

0-14 

0-81 

0-80 

0-25 

0-186 

0-271 

0-457 

0-613 

74-5 

|13 

0^24 

1-88 

0-12 

0-90 

0-85 

0-25 

0-162 

0-273 

0-435 

0-596 

73-0 

•30 

2-00 

2-25 

0-07 

1-18 

1-00 

0-25 

0-2-24 

0-214 

0-438 

0-690 

63-6 

•42 

1-12 

3-05 

0-41 

2-01 

0-62 

0-25 

0-384 

0-179 

0-563 

0-707 

79-6 

•50 

3-64 

3-75 

0-21 

2-49 

1-05 

0-45 

0-245 

1-207 

0-453 

0-530 

85-1 

loo 

25  ^65 

4-50 

0-07 

3-63 

0-80 

0-18 

0-206 

0-216 

0-422 

0-639 

66-1 

loO 

29^70 

5-50 

0-18 

4-41 

0-95 

0-25 

0 290 

0-391 

0-681 

0-749 

90-8 

1-44 

35-10 

5-13 

0-07 

4-18 

0-88 

0-13 

0-262 

0-469 

0-731 

0-722 

101-2 

1-47 

20-80 

3-90 

0-27 

2-52 

1-10 

0-42 

0-305 

0-382 

0-687 

0-774 

88-7 

1-41 

16-29 

3-59 

0-17 

1-93 

1-49 

0-50 

0-460 

0-773 

1-233 

1-207 

102-1 

••57 

43-31 

2-48 

0-48 

1-34 

0-65 

0-35 

0-302 

0-128 

0-430 

0-620 

69-4 

I-90 

22-84 

2-58 

0-66 

1-37 

0-55 

0-33 

0-351 

0-220 

0-571 

0-697 

84-9 

■•01 

10-10 

2-10 

0-69 

0-86 

0-45 

0-33 

0-283 

0-331 

0-614 

0-595 

103-2 

1-83 

32-40 

2-25 

0-21 

1-54 

0-50 

0-18 

0-256 

0-189 

0-445 

0-447 

99-3 

1-48 

37-60 

3-13 

0-55 

1-92 

0-65 

0-23 

0-333 

0-216 

0-549 

0-550 

c .-  _ 
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1.  Alcohol. — Wines,  in  regard  to  tlieir  alcoholic  content,  may 
he  divided  into  two  classes — viz.,  natural  wines,  the  strength  of 
which  has  not  been  increased  by  the  addition  of  spirit ; and 
fortified  wines,  such  as  those  of  Spain  and  Portugal,  which 
absolutely  require  the  addition  of  a certain  amount  of  spiiit  to 
preserve  them.  Natural  wines  contain  as  a minimum  6 per 
cent.,  and  as  a maximum,  a little  over  12  per  cent.,  of  absolute 
alcohol  by  weight.  The  percentage  of  alcohol  in  fortified  wines 
depends,  of  course,  entirely  on  the  operator ; it  appears  to  range 
usually  from  12  to^22  per  cent,  by  weight.  The  alcohol  is  re- 
turned as  ethylic,  but  there  are  always  traces  of  the  higher 
homologous  alcohols — e.g.,  propylic,  butylic,  and  amylic.  If  the 
analyst  desire  to  estimate  the  different  proportions  of  these,  a 
large  cj^uantity  of  Avine  must  be  distilled,  the  distillate  re-distilled 
in  fractions,  and  ultimately  oxidised  into  the  corresponding  acids, 
the  latter  being  more  easily  separated  than  the  alcohols.  The 
method  of  determining  the  alcohol  in  Avine  difiers  in  no  essential 
feature  from  the  processes  described  at  p.  129. 

2.  The  Solid  liesidue. — The  dry  extract  from  pure  natural 
Avines  is  from  1'5  to  3 per  cent.;  the  presence  of  sugar  in 
fortified  wines  may  raise  the  extract  to  C-8  or  10  })er  cent.  The 
solid  residue  may  be  taken  by  simply  evaporating  10  cc.  to 
dryness,  which  can  be  done  rapidly,  Avithout  any  decomposition 
of  the  solids,  by  using  a large  flat  platinum  dish,  and  thus 
spreading  the  10  cc.  out  in  a thin  layer.  This  method  is, 
hoAvever,  somewhat  inconvenient,  and  causes  a loss  of  glycerine ; 
therefore,  the  indirect  process  for  beer,  given  at  p.  130,  may  be 
employed  instead, ^Avine  extract  being  considered  equal  in  density 
to  malt  extract.*  But  in  Avines  containing  much  ash  (since  the 
mineral  constituents  of  the  latter  seriously  affect  specific  gravity, 
containing  in  a given  specific  gravity  about  twice  as  much 
substance  in  solution  as  a sugar  solution  of  the  same  gravity), 
it  is  necessary  to  subtract  from  the  percentage  of  extract  tlius 
estimated,  the  percentage  of  ash  found  in  the  same  Avine  ; or  if 
the  amount  of  extract  Avithout  the  ash  is  required,  tAvice  the 
percentage  of  ash  has  to  be  subtracted  from  the  percentage 
found.  Dupre  and  Thudichum  give  the  folloAving  examples ; 

* A.  Gautier  {Annates  d'llyfitne  Puhlique,  t.  xlvii.,  118,  1877)  has  recoiu- 
inended  in  all  cases,  the  evaporation  of  5 cc.  of  wine  on  a watch-glass,  in  a 
vacuum,  without  the  application  of  artiiicial  heat.  This  method  takes  from 
two  to  six  days,  according  to  the  temperature,  for  completion,  so  that  it  is 
scarcely  aiiplicable  for  technical  purposes  ; hut  it  is  evident  that  a heat  of 
80°C.,  whilst  greatly  expediting  the  process,  Avould  in  no  way  impair  its 
accuracy. 
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Eonenthalee,  1859  (£15  OhmJ). 

Specific  gravity  of  de-alcoholised  wine, 
Percentage  of  sugar  (see  table,  p.  151), 
Percentage  of  ash  found,  . . . . 

Total  solid  constituents. 

To  find  total  solids  minus  ash,  subtract  again  . 

Total  solid  constituents, 


Per  cent. 
1008-01 
2-041 
0-170 


1-871 

0-170 


1-701 


Sherry,  1865. 

Specific  gravity  of  de-alcoholised  wine,  . . . 1017-50 

Percentage  of  sugar  from  specific  gravity  (see  table, 

p.  151),  . . . . ^ . . . . 4-467 

Percentage  of  ash  found,  .....  0-515 


Subtract  ash,  . 

Total  solids  constituents, 


3-952 

0-515 


3-437 


Tlie  extract  and  amount  of  alcohol  being  known,  it  is  in  cer- 
tain instances  possible  to  detect  the  watering  of  wine  ; although 
such  a diagnosis  can  only  be  made  when  the  analyst  is  inti- 
mately acquainted  with  the  kind  of  wine  under  examination, 
and  in  some  cases  with  the  characters  of  the  particular  vintage. 
The  Bordeaux  wines,  according  to  Girardin  and  Pressier,  give 
almost  always  the  same  amount  of  extract,  varying  only  within 
the  limits  of  20  to  20-8  grms.  the  litre ; and  the  proportion  of 
alcohol  also  is  fairly  constant,  viz.,  from  -005  to  -015,  the  mean 
being  -010  per  litre.  From  these  data  they  calculated  the 
amount  of  genuine  wine  present  in  any  samples.  Thus,  suppos- 
ing the  extract  in  a Bordeaux  wine  to  be  14-5,  then 


1000  X 14-5 
20-0“ 


= x,  or  725-00 


i.e.,  the  litre  contains  725  cc.  of  wine,  the  rest  being  alcohol  and 
water.  To  know  the  quantity  of  alcohol  added,  it  is  necessary  te 
ascertain  how  much  the  72-5  parts  of  wine  contain  of  absolute 
alcohol : — 

100  : 10  : : 72-50  : a; 
a:  = 7-25. 

If  the  absolute  alcohol  is  found,  for  examide,  to  be  O’ll,  then. 
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subtracting  7*25  from  11,  it  is  supposed  tliat  3'75  of  alcohol  lias 
been  added. 

That  this  process,  as  applied  to  the  Bordeaux  wines,  is  in  the 
main  correct,  is  supported  by  the  fact  that  the  Bouen  wine- 
merchants  have  frequently  paid  duty  on  the  excess  of  alcohol,  etc., 
which  Gii’ardin  and  Pressier  found  in  their  wines.* 

3.  Estimation  of  Succinic  Acid  and  Glycerine. — Half  a litre  to  a 
litre  of  wine  is  decolorised  with  animal  charcoal,  filtered,  and 
the  charcoal  well  washed  with  water;  the  filtrate  and  washings 
are  then  evaporated  down  in  the  water-bath,  and  the  drying 
finished  in  a vacuum.  The  residue,  when  dry,  is  treated  with  a 
mixture  of  one  part  of  strong  alcohol  and  2|-  parts  of  rectified 
■ether.  The  latter  is  driven  off  by  floating  the  dish  in  warm 
water,  and  the  whole  evaporated  again  on  a water-bath.  The 
residue  is  now  neutralised  with  lime-water,  which  combines  with 
the  succinic  acid,  and  forms  succinate  of  calcium.  The  glycerine 
is  dissolved  out  by  alcohol  and  ether,  and  weighed  either  directly 
•or  by  loss.  The  succinate  of  calcium  remaining  behind  is  impure, 
and  should  be  well  washed  with  spirit  before  weighing.  Every 
100  parts  of  calcic  succinate  equals  75 ’64  of  succinic  acid 

; and  since  Pasteur  has  shown  that  112-8  parts  of 
grape  sugar  (107  of  cane)  yield  about  3-G  of  glycerine  and  O'G 
parts  of  succinic  acid,  it  follows  that  in  a natural  wine  the 
glycerine  would  amount  to  about  one-jTourteenth  part  of  the 
alcohol  present.  It  is  also  evident  that  a careful  determination 
of  the  glycerine  in  a natural  wine,  and  its  jiroportion  to  the 
alcohol  present,  combined  with  the  percentage  of  dry  extract, 
will  greatly  help  to  solve  the  question  as  to  whether  water  has, 
or  has  not,  been  added. 

4.  Acids  in  Wine. — All  wines  possess  an  acid  reaction,  due 
to  acids  which  are  conveniently  divided  into  volatile  'Awd  fixed. 
The  volatile  acid  of  sound  wine,  according  to  Pasteur,  never 
exceeds  2 to  3 decigrms.  per  litre;  in  wines  a little  deteriorated 
much  higher  values  may  be  found.  Dr.  Dupre  puts  the  amount 
of  volatile  acid,  expressed  in  terms  of  acetie  acid,  as  0-3  to  0-6 1 
per  cent,  by  weight  in  volume.  About  one-fourth  of  the  total; 
acidity  in  white  natural  wines  should  be  due  to  volatile  acids,  f 
and  in  red  and  fortified  wines  the  volatile  should  not  amount  toj 
more  than  about  one-third  of  the  total  acidity.  The  non-volatile  j 
acids  appear  to  bo  chiefly  malic  and  tartaric  (sometimes  part  off 
the  tartaric  being  replaced  by  succinic) ; the  former,  according  to- 
Dupre,  predominating  in  pui'e  natural  wines,  and  largely  so  in: 
fortified  liquors;  whilst  in  plastered  wnnes  it  is  often  present  toi 
Ahe  total  exclusion  of  tartaric  acid. 

* Soubeiran ; op.  cit. 
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The  principal  volatile  acid  is  acetic,  but  it  is  always  accompanied 
by  formic,  propionic,  butyric,  and  other  members  of  the  series. 
The  general  method  of  estimation  is  to  take  from  10  to  20  cc.  of 
the  wine  suitably  diluted,  and  titrate  with  d.  n.  soda,  using 
tincture  of  logwood  as  an  indicator,  the  result  being  the  total 
acidity.  On  now  evaporating  the  wine  on  tlie  water-bath  to  a 
syrupy  extract,  diluting  and  again  titrating,  the  loss  of  acidity 
corresponds  to  the  volatile  acid,  the  latter  being  expressed  in  terms 
»1  of  acetic  acid,  the  non-volatile  as  tartaric  acid. 

A very  different  and  highly  ingenious  method  of  diagnosing 
and  estimating  volatile  acids  has  been  proposed  by  E.  Duclaux. 
As  this  is  applicable  not  to  wines  alone,  but  also  to  beers,  sour 
milk,  and  in  fact  to  all  liquids  developing  acids  of  the  acetic 

(series,  it  will  be  described  at  length. 

Estimation  of  Volatile  Acids  hy  the  Method  of  E.  Duclaux. — The 
process  depends  upon  the  regularity  wdth  which  the  different  vola- 
>1  tile  acids  distil.  If  in  a retort  of  from  250  to  300  cc.  be  introduced 
1 110  cc.  of  a mixture  of  acetic  acid  and  water,  and  100  cc.  (that 
is  be  distilled,  the  quantity  of  acid  which  has  come  over  is 
found  to  be  80  per  cent,  of  the  whole,  or  very  nearly  so.  Further, 
f the  100  cc.  be  successively  titrated,  in  every  10  cc.  the  successive 
umbers  thus  obtained  (indicating  the  proportion  of  acid  passing 
n these  equal  volumes)  are  the  same,  whatever  may  be  the 
uantity  of  acid  operated  upon,  provided  the  acid  is  pure;  but  it 
uries  very  sensibly  should  there  exist  even  feeble  traces  of  the  fatty 
cids.  It  is  then  sufficient  to  study  the  course  of  the  distillation 
f the  acids  in  order  to  know  their  nature.  In  a general  way, 
breign  matters  exercise  only  a slight  influence ; but  it  is  always 
best  to  eliminate  them  as  far  as  possible  by  operating  on  a first 
t or  second  distillation. 

< For  the  titration,  M.  Duclaux  uses  lime-water  standai’dised 
I by  sulphuric  acid.  The  size  of  the  retort  does  not  exercise  the 
I' great  influence  which  might  be  expected;  but  it  is  well  to  use 
I one  of  about  300  cc.  capacity,  for  the  experiments  on  which 
I,  the  tables  are  founded  were  conducted  in  retorts  which  varied 
I from  between  250  to  3-50  cc.  The  slight  difference  in  the  results 
from  a retort  of  800  cc.,  as  compared  wdth  one  of  300  cc.,  may  be 
gathered  from  the  following  table,  which  represents  the  distilla- 
tion of  1 1 0 cc.  of  a dilute  acetic  acid. 

The  two  series  of  numbers,  A and  B,  are  obtained  by  titrating 
each  10  cc.,  until  100  cc.  have  come  over;  the  acetic  acid  in  the 
A series  being  worked  out  in  percentage  of  the  whole  acid  found 
in  the  entire  distillate,  and  that  in  the  B series  in  the  quantity 
of  acid  existing  in  the  retort. 
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Estimation  of  Acetic  Acid. 

lletort  of  SOO  cc.  Eetort  of  300  cc. 


A. 

B. 

A. 

B. 

1. 

7-2 

Ts" 

^ 7^4 

5^-9' 

2. 

14-7 

11-2 

15-3 

12-2 

3. 

22 '7 

16-9 

23-5 

18-7 

4. 

31-2 

23-7 

32-1 

25.6 

5. 

40-2 

30-6 

41-2 

32-9 

6. 

49-9 

.32-9 

50-9 

40-6 

7. 

GO -2 

45-8 

01 -3 

48-9 

8. 

71-9 

54-7 

72-5 

57-9 

9. 

85-3 

64-8 

85-2 

67-9 

10. 

100-0 

75-9 

100-0 

79-8 

It  would 

appeal- 

that  the 

quantity  o 

f acid  which 

vaporises 

a given 

moment 

is  proportional  to 

that  which 

exists  ill 

that  same  moment  in  the  heated  liquid  ; and  when  the  quantities 
of  water  distilled  increase  in  an  arithmetical  progression,  the 
quantities  of  acid  increase  in  a geometrical  progression. 

Let  y be  the  quantity  of  acid  existing  at  any  moment  in  the 
volume  A of  the  liquid  remaining  in  the  retort;  the  quantity  of 
acid  which  will  volatilise  with  the  volume  cZa  of  the  liquid 
will  be  evidently  first  proportional  to  cZa  and  then  to  y.  Thus — 

dy  = xydx 

whence  may  be  educed  (calling  y the  total  weight  of  acid  exist- 
ing at  the  commencement  in  the  volume  L of  the  liquid), 

/y-iY  = «|=  -K(L-).) 

giving 

- cc  (L  - a) 
y=\e  ^ ' 

Let  a be  called  the  quantity  Y - y of  acid  which  distils  when 

L-A  = Z-L:^ 

J J 

has  been  removed  from  the  liquid ; then  we  have 

Tlie  following  table  shows  that  acetic  acid  obeys  this  law ; the 
figures  in  the  second  column  are  calculated  by  the  formula 
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a found. 

a calculated. 

a found. 

a calculated. 

1. 

5-9 

5-2 

6. 

. 40-5 

40-5 

2. 

12.2 

12’2 

7. 

. 48-7 

48-7 

3. 

’.  18-8 

18-7 

8. 

. 57-9 

57-8 

4. 

. 25'6 

25-4 

9. 

. 67-7 

66-6 

5. 

. 32-9 

32-7 

10. 

. 79-8 

76-3 

Butyric  acid  obeys  the  same  law ; but  it  lias  a method  of  dis- 
tillation in  some  sense  inverse  to  that  of  acetic  acid,  and  passes 
in  greater  abundance  in  the  first  portions.  The  following  table 
gives  the  experimental  and  the  calculated  numbers  found  in 
distilling  a mixture  of  butyric  acid  and  water,  in  the  manner 
before  described. 

The  formula  for  calculation  is — 


-013H\ 

147-5(1 


A. 

B. 

B calculated. 

1. 

16-8 

16-1 

16-8 

2. 

31-9 

31-1 

31-4 

3. 

45-4 

44-3 

44-4 

4. 

57-7 

56-1 

55-8 

5. 

C7-9 

66-2 

66-1 

6. 

77-2 

75-3 

75-1 

7. 

85-0 

82-9 

83-2 

8. 

91-4 

89-2 

90-3 

9. 

96-4 

94-0 

96-6 

10. 

. 100-0 

97-5 

102-4 

It  is  thus  seen  that  the  numbers 

are  very 

different  from  those 

acetic  acid, 

and  that  nearly  the 

whole  of  the  acid  is  obtained- 

Metacetic  acid. — Formula  for  calculation — 

f,  -0-033P 

m = 357  ( 1 - e — — 

A. 

B. 

B calculated. 

1. 

11-3 

10-5 

10-8 

2. 

22-8 

21-1 

21-4 

3. 

34-0 

31-5 

31-5 

4. 

44-6 

41-4 

41-4 

5. 

. . 55 -3 

51-3 

51-1 

6. 

65-4 

60-6 

60-3 

7. 

74-7 

69-5 

69-3 

8. 

84-0 

78-0 

78-0 

9. 

92-5 

85-8 

86-5 

10. 

. 100-0 

92-8 

95-3 
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Valerianic  Acid. — 


1.  . 

B. 

24-5 

2. 

44-5 

s!  ! 

59-5 

4.  . 

71-3 

5.  . 

79-5 

Formic  Acid. — 


A. 

1.  . 

5-5 

2. 

11-9 

3. 

18-5 

4.  . 

25-7 

5.  . 

34-0 

6.  . 

431 

7.  . 

53-1 

8.  . 

05-2 

9.  . 

79-8 

10.  . 

. 100-0 

B. 

6.  . 

85-7 

/ . 

89-7 

8.  . 

92-8 

9.  . 

95-4 

10.  . 

96-9 

0-1194^  , \ 

1 1 

11  ^ ) 

B. 

B calculated. 

3-5 

3-5 

7-6 

7-3 

11-8 

11-6 

16-3 

16-3 

21-6 

21-6 

27-3 

27-5 

33-7 

34-1 

41-4 

41-4 

50-7 

49-7 

63-5 

58-8 

Passinsr  from  the  single  acids  to  the  behaviour  of  mixed  vola- 
tile  acids,  it  is  found  that  each  acid  distils  in  the  same  proportion 
as  if  it  existed  individually  in  tlie  liquid.  Thus,  Duclaux  found 
a mixture  of  equivalent  quantities  of  butyric  and  acetic  acids 
behave  as  follows  : — 


A. 

B. 

B calculated. 

1.  . 

12-7 

11-4 

11-4 

2.  . 

24-8 

22-1 

22-1 

3.  . 

35-9 

32-0 

32-1 

4.  . 

46-4 

41-4 

41-6 

5. 

50-3 

GO -3 

50-5 

G.  . 

05-7 

58 -G 

58-9 

hr 

i.  . 

74-5 

66-4 

67-0 

8.  . 

83-1 

74-1 

74-4 

9.  . 

91-4 

81-6 

82-2 

10.  . 

. 100-0 

89-3 

90-0 

A mixture  of  2 of  butyric  to  1 of  acetic  acid,  when  distilled, 
gave  the  following  series  : — 


A. 

B. 

B calculated. 

1.  . 

14-0 

12-8 

12-8 

2. 

26-1 

25-1 

24-8 

i.  '. 

35-5 

36-2 

35-9 

4.  . 

50-6 

46-4 

46-1 

5.  . 

60-6 

55-5 

55-3 

6.  . 

69-8 

63-9 

63-9 

7.  . 

78-4 

71-7 

71-8 

8.  . 

86-0 

78-7 

79-1 

9.  . 

93-1 

85-2 

85-6 

10.  . 

. 100-0 

91-6 

92-0 
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Hence  it  follows,  that  it  is  possible  to  obtain  from  fractional 
distillation  a knowledge  of  the  nature  and  quantity  of  the  volatile 
acids  existing  in  the  liquid.  Theoretically,  ten  diflerent  equa- 
tions might  be  educed,  and  ten  volatile  acids  determined ; but 
in  practice  this  is  not  possible ; and  should  there  be  even  three 
volatile  acids,  it  is  better  to  make  a new  distillation  after  a partial 
saturation,  which  will  almost  completely  arrest  one  of  the  acids, 
and  let  only  two  pass  into  the  receiver. 

As  an  example  of  the  method  of  calculation,  the  following 
table  gives  the  results  of  the  distillation  of  a certain  wine,  A and 
B having  the  same  signification  as  before  : — 


A. 

B. 

M. 

N. 

1.  . 

9-6 

8-6 

1-2 

3-2 

2.  . 

19-2 

17-3 

11 

3-1 

3.  . 

28-8 

26-0 

10 

30 

4.  . 

38-4 

34-7 

1-0 

2-8 

5.  . 

48-2 

43-5 

10 

2-5 

6.  . 

.57-9 

52-2 

1-0 

2-5 

7.  . 

67-8 

61-1 

1-0 

2-2 

8.  . 

77-9 

70-2 

1-0 

21 

9.  . 

88-5 

79-9 

10 

1-6 

10.  . 

. 1000 

90-2 

11 

1-3 

I From  the  B series  there  should  be  acetic  acid  mixed  with 
' either  metacetic  or  butyric  acids.  In  order  to  know  which  of 
the  two  is  present,  a double  calculation  is  necessary.  Turning 
to  the  tables  giving  the  numbers  obtained  for  the  first  10  cc.  in 
the  distillation  of  pure  acetic  and  pure  butyric  acids  (p.  179),  we 
I find  for  the  former  5 ’9,  for  the  latter  10-5  ; then,  by  the  following 
; equation,  the  numbers  in  the  column  M are  obtained — 


8-6aj  + 2/  = o'dx  + lO’Sy 


I 


X 


1 

i 


Analagous  calculations  give  for  - the  series  of  numbers  con- 

° X 

tained  in  IST,  if  butyric  acid  is  thought  to  be  present ; it  now 
becomes  evident,  that  the  mixture  was  formed  of  equivalent 
j)arts  of  acetic  and  metacetic  acid.  In  order,  however,  to  avoid 
long  calculations,  it  is  better  to  make  tables  of  reference  with 
various  mixtures,  so  that  in  most  experiments  the  quantities  will 
fall  somewhere  near  those  given  in  the  tables,  and  at  all  events 
be  a guide.  In  the  following  tables  A and  B have  the  same 
signification  as  before,  and  110  cc.  are  supposed  to  be  distilled  ill 
the  manner  described,  in  a retort  of  about  300  cc.  capacity  ; 


A Mixture  of  Acetic  («),  and  Butyric  Acid  {b). 
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1 Mixtures  of  Acetic  Acid  (a)  and  Metacetic  Acid  (m). 

I 


a 668  2 

a 334  1 

?/A  i 

326  “ 1 

a. 

B. 

A. 

B. 

1.  . 

9-1 

7-7 

9-7 

8-5 

o 

lS-4 

15'6 

19-4 

17-0 

3.  . 

27-8 

23-6 

29-2 

25-0 

4.  . 

37-3 

31-6 

38-9 

34-1 

5.  . 

46-9 

39-8 

48-6 

42-7 

6.  . 

56-6 

48-0 

58-6 

51-4 

7.  . 

G6-6 

56-5 

68-5 

00-1 

8.  . 

77-0 

65-2 

78-6 

C8-9 

9.  . 

88 -0 

74-6 

89-1 

78-2 

10.  . 

100*0 

84*8 

100-0 

87-7 

Mixtures  of  Acetic  Acid  (a),  or  of  Butyric  Acid  (b),  with 

Valerianic  Acid  (y). 


a 593  5 

a 296  .5 

h 291  5 

V “ 118  “ i 

0 2.0 

t)  ^ 

V ~ 236  “ 4 

A. 

B. 

A. 

B. 

A. 

B. 

1.  . 

11-1 

9-1 

16-3 

14-3 

20-6 

20-0 

2. 

20-8 

17-2 

30-3 

26-5 

38-3 

37-0 

3.  . 

30-5 

25-1 

42-4 

37-0 

52-9 

51-0 

4.  . 

39-9 

32-8 

52-5 

45-9 

64-6 

62-4 

5.  . 

48-9 

40-3 

61-3 

53-6 

74-5 

71-9 

0.  . 
7.  . 

57-9 

47-7 

69-3 

60-5 

82-1 

79-3 

67-2 

55-4 

76-6 

66-9 

88-2 

85-2 

8.  . 

77-0 

63-4 

84-0 

73-4 

93-2 

90-0 

9.  . 
10.  . 

87-5 

72-2 

91-5 

80-0 

96-9 

93-3 

100-0 

82-4 

100-0 

87-4 

100-0 

96-8 

It  now  only  remains  to  apply  the  preceding  principles  to  the 
I examination  of  wines.  275,  or  550,  or  825  cc.,  according  as  the 
i wine  is  more  or  less  rich  in  alcohol,  is  agitated  strongly  (or  a 
current  of  air  passed  through  the  liquid),  in  order  to  free  it  from 
carbonic  acid  gas.  It  is  next  distilled  to  ten-elevenths,  air 
' drawn  through  the  apparatus,  and  the  distillate  titrated  by  lime- 
water.  A slight  excess  of  lime-water  is  next  added,  and  the 
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Mixtures  op  Acetic  Acid  (a)  avitii  Formic  Acid  (/). 


a .'■'9 

0 2 

n 29(5  1 

a 29(5  1 

1 '-<■.1 

1 >' 

i II 

* 

7 ~ -.'93  “ 1 

A. 

B. 

A. 

B. 

A. 

B. 

1.  . 

6-6 

4-9 

6-1 

4-3 

6-0 

4-1 

2.  . 

14-0 

10-4 

13-5 

9-5 

13-2 

9-2 

3.  . 

22-1 

16-3 

21-1 

14-8 

20-6 

14-3 

4.  . 

30-2 

22-3 

28-9 

20-3 

28-6 

19-9 

5.  . 

39-1 

28-9 

37-8 

26-6 

37-1 

25-7 

6.  . 

48-5 

35-9 

43-8 

33-0 

46-4 

32-2 

7.  . 

59-2 

43-8 

57-2 

40-3 

56  "5 

39-3 

8‘.  . 

70-6 

52-3 

68-9 

48-5 

68-4 

47-5 

9.  . 

83-8 

62  0 

82-7 

58-2 

81-9 

56-9 

10.  . 

• 

TOO-0 

74-0 

100-0 

70-4 

100-0 

69-4 

liquid  is  concentrated  by  evaporation  to  about  250  cc.,  in  order 
to  get  rid  of  the  alcohol ; 1 grm.  of  glycerine  is  now  added,  and  | 
sufficient  tartaric  acid,  to  put  the  fatty  acids  at  liberty. 

The  tarti-ate  of  lime  is  alloAved  to  crystallise,  and  the  liquid 
decanted  and  made  up  witli  the  washing  Avater  to  275  cc.,  after 
having  added  sufficient  tartaric  acid  to  ensure  that  on  completion 
of  the  distillation,  the  residue  will  be  nearly  as  acid  as  at  the 
end  of  the  first  operation — 1 grm.  of  tartaric  acid  per  litre  suffices  : 
for  this.  The  liquid  is  noAv  distilled  anew  to  ten-elevenths,  and  | 
the  whole  distillate  titrated ; the  relation  between  the  quantity 
of  lime-water  necessary  now,  and  that  of  the  first  saturation, 
will  serve  to  show  the  quantity  of  volatile  acid  existing  in  the 
wine  in  question. 

This  new  liquid  is  submitted  to  the  same  operations  as  before, 
adding  nothing  save  the  quantity  of  tartaric  acid  exactly 
necessary.  The  acid  liquid  is  made  up  to  165  cc.,  of  Avhich  150 
cc.  are  distilled  over,  50  cc.  out  of  the  150  cc.  are  titrated,  the 
remaining  100  ai’e  made  up  to  110  cc.  with  water,  and  submitted 
to  fractional  distillation,  titrating  every  10  cc.  of  the  distillate. 
The  numbers  found  will  conduct  directly,  by  a simple  calculation, 
to  the  knowledge  of  the  quantity  and  nature  of  the  volatile 
acids  in  the  Avine.  Thus,  taking  a Avine,  the  results  of  the 
distillation  of  which  are  given  in  a tabular  form  at  p.  181: — 

275  cc.  of  this  Avine  Avere  distilled  to  250  cc. ; these  250  cc. 
required  for  neutralisation  316  cc.  of  lime-water  of  30'6  \i.e.,  30'6 
cc.  = 0-075  acid  acetic]  ; the  second  distillation  has  given  83-2  per 
cent,  of  the  acid  employed.  Hence,  for  275  cc. — 
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316  cc.  X = 379  cc.  of  lime-water. 


( Tlie  third  and  last  distillation  showed  in  the  liquid  eqnai 
1 parts  of  acetic  and  metacetic  acid ; the  proportions  in  which 
these  acids  pass  over  are,  as  has  been  shown,  ; denoting  the 

y 

proportion  in  which  they  exist  in  the  wine  by  - 

oc 

/0-93\3^  _ lOOaj  _ 1 
\d-W  y ~ 66?/  1 

There  were  then  present  in  the  wine,  100  of  acetic  acid  against 
66  of  propionic  acid.  In  dividing  the  volume  of  lime-water 
used — viz.,  1378  cc. — in  proportional  parts  to  100  and  66,  and 
valuing  the  corresponding  quantities  of  the  two  acids,  it  is 
found  that  1 litre  of  the  wine  contained  1'960  of  acetic,  and 
1’810  grm.  of  metacetic  acid. 

In  order  to  discover,  by  this  method,  valerianic  acid,  which, 
it  would  appear,  exists  in  many  sound  wines  (in  about  the 
proportion  of  6 mgrms.  per  litre),  it  is  necessary  to  distil  a con- 
siderable quantity  of  wine,  and  then  to  satui’ate  the  distillate 
to  nine-tenths  or  nineteen- twentieths.  In  this  way,  acetic  and 
valerianic  acid  pass  almost  alone  into  the  receiver.  For 
instance,  7 '7  litres  of  the  wine  alluded  to  before  (p.  181),  were 
distilled,  and  10  grins,  of  lime  salts  obtained  j sulphuric  acid  was 
added,  representing  nearly  one-fortieth  of  the  lime  salt,  and 
then  the  partially-decomposed  salt  distilled,  when  the  following 
numbers  were  obtained  : — 


A. 

B. 

a 

V 

1.  . 

. 10-5 

8-7 

6-1 

2. 

. 20-5 

16-9 

G-1 

3!  ! 

. 29-3 

24-1 

6-8 

4.  . 

. 38-1 

31-4 

6-9 

5.  . 

. 46-8 

38-6 

7-2 

6.  . 

. 55-6 

45-9 

7 -5 

7.  . 

. 04-8 

53-4 

7-4 

8.  . 

. 75-2 

62-0 

7-5 

9.  . 

. 86-6 

71-4 

6-5 

10.  . 

. 100-0 

82-4 

6-0 

The  numbers  in  the  columns  A and  B correspond  in  no  way 
to  mixtures  of  acetic  acid  with  butyric  or  propionic.  With 
valerianic  acid,  on  the  contrary,  there  is  a relation  constant 
enough,  as  the  fourth  column  shows,  the  slight  irregularities, 
arising  probably  from  a trace  of  butyric  acid. 
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Estimation  of  Tartaric  Acid  and  Bitartrate  of  Potash. — This  is 
best  estimated  by  the  method  suggested  by  Berthelot : — 20  cc.  of 
wine  are  mixed  with  100  cc.  of  equal  volumes  of  alcohol  and  ether 
in  a well-stoppered  flask.  The  same  process  is  employed  to 
another  20  cc.,  but  with  the  addition  of  potash  in  sufficient 
quantity  to  neutralise  about  one-fifth  of  the  free  acid  present. 
Both  bottles  are  allowed  to  stand  two  or  three  days,  and  at  the 
end  of  the  time,  owing  to  the  insolubility  of  bitartrate  of 
potash  in  strong  alcohol,  there  will  be  a deposit  of  that  salt  in 
both  bottles.  The  first  will  represent  the  bitartrate  of  potash 
present  as  such ; the  second,  the  whole  of  the  tartaric  acid  which 
the  wine  contains.  There  is,  however,  always  a small  quantity 
of  bitartrate  in  solution,  about  -004  grm.,  equalling  *21  d.n.  soda, 
and  this  amount  must  be  added  to  that  found.  The  precipitates 
from  both  bottles  are  collected  on  sepai-ate  filters,  washed  with 
the  alcohol-ether  mixture,  dissolved  in  watex*,  and  titi'ated  with 
soda  solution. 

Direct  Estimation  of  Malic  Acid. — 100  cc.  of  wine  are  pi*ecipi- 
tated  with  lime- watex*,  added  oxxly  in  slight  excess ; the  filtrate 
is  evaporated  down  to  one-half,  axxd  absolute  alcohol  added  in 
excess ; the  resultixxg  precipitate,  consistixxg  of  malate  and  sul- 
phate of  lime,  is  thexx  collected  on  a filter,  washed,  and  weighed. 
If,  now,  the  sulphate  of  lime  in  this  sample  be  estimated  by 
solution  in  watex*,  and  precipitatioxx  of  the  sxxlphux’ic  acid  by 
bax*ic  chloride,  &c.,  axxd  the  anxoxxxxt  subtx*acted  fx'oxn  the  total 
weight  of  the  precipitate,  the  rexxxaindex*  equals  nxalate  of  lime. 

5.  Estimation  of  Ethers  in  }Vine. — The  compouxxd  ethers  in  wine 
may  be  divided  ixito  volatile  axxd  ixoxx-volatile.  It  is  especially 
the  volatile  ethex*s  that  impart  a chax*acter  to  the  wine,  and  give 
it  bouquet  and  odour.  The  proportioxx  of  volatile  to  fixed  ethers 
is  vex’y  small  in]  xxixfortified  wixxes,  but  the  revex*se  is  the 
case  with  fortified  wines.  The  total  aixxoxxxit  of  ethers  is  ex- 
tremely small ; Dr.  Dupx*e  gives  as  the  highest  propox*tioxx  he 
has  yet  met  with,  about  oxxe  part  of  coxnpoixnd  ether  in  300  parts 
of  wine.  The  ethers  thenxselves  are,  of  coixrse,  dex*ived  from 
convex*sion  of  the  alcohols,  the  xxltimate  amount  depexxding 
entirely  on  the  relative  proportion  of  alcohols,  acid,  and  water 
preseixt,  axxd  ixot  being  depexxdexxt  oxi  the  nature  of  the  alcohols 
or  acids.  If,  as  sometixnes  happexxs,  an  excess  of  coxnpouxxd  ether 
is  added  to  a wine,  decomposition  will  at  oxxce  begin,  xxxxtil 
ultimately  the  wine  will  contain  no  more  than  it  woxxld  other- 
wise have  reached  ixx  the  natural  order  of  things.  Aix  estimation 
of  the  ethers  is,  therefore,  of  the  greatest  possible  impoi*tance, . 
as  it  enables  the  aixalyst  to  judge  of  the  age,  character,  »fec.,  of! 
the  wine. 
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c Berthelot  lias  given  the  following  formula  for  the  calculation 
J of  the  amount  of  alcohol  present  in  the  compound  ethers  of 
. wine  : — 

2/  = M7A  + 2-8 
100 


A is  the  percentage  of  alcohol  by  weight  in  the  wine;  a the 
amount  *of  alcohol  equivalent  to  the  total  free  acid  (reckoned 
as  acetic)  contained  in  1 litre.  It,  hence,  follows  that  if  the 
amount  of  alcohol  present  as  ether,  found  by  experiment,  fairly 
agrees  with  the  calculated  amount,  etherification  is  complete, 
jJ  and  the  wine  must  be  of  a certain  age ; if  the  compound  ethers 
e exceed  the  proper  amount,  the  probability  is  that  it  is  an 
i artificial  wine ; and,  lastly,  if  the  amount  of  ethers  is  below  the 
» theoretical  standard,  either  etherification  is  not  complete,  on 
y account  of  its  youth,  or  alcohol  has  been  recently  added, 
p Dr.  Dupr^,  taking  advantage  of  the  fact  that  all  ethers  (when 
K treated  with  an  alkali)  break  up  into  their  respective  acid  and 
('  alcohol,  indirectly  estimates  both  the  volatile  and  non-volatile 
h ethers  as  follows  : — 

250  cc.  of  wine  are  distilled,  with  special  precautions  against 
loss,  until  200  cc.  have  come  over;  the  distillate  is  now  made  up 
to  250  cc.,  and  100  cc.  of  this  titrated.  Another  100  cc.  are 
decomposed  by  alkali  (a  known  amount),?  and  again  titrated. 
The  second  100  cc.  will,  of  course,  be  more  acid  than  the  first, 
and  therefore  the  amount  of  volatile  ether  can  be  estimated  from 
such  increase.  The  fixed  ether  is  determined  by  evaporating 
down  to  50  or  60  cc.  in  an  open  dish  on  the  water-bath ; the 
residue,  which,  of  course,  contains  no  alcohol,  is  rendered  alkaline 
Avith  sodium  hydrate,  some  tannin  added,  and  the  Avhole  slowly 
distilled;  the  fixed  ether  present  is  I’esolved  into  an  acid  and  an 
alcohol,  and  the  latter  distilled  over ; the  distillate  is  rendered 
slightly  acid  by  sulphuric  acid,  redistilled,  and  the  second  dis- 
tillate (which  may  amount  to  20  or  25  cc.)  oxidised  into  acetic 
j acid  in  a closed  flask  by  potassic  bichromate ; the  acetic  acid  is 
1 distilled  over  and  titrated  as  described  at  p.  131. 
i 6.  The  Estimation  of  Sugar  in  Wine  is  carried  out  on  the  prin- 
» ciples  described  at  sect.  2,  p.  7. 

! 7.  Albuminoid  Substances. — The  albuminoid  substances  in  wine 

i may  be  estimated  by  Mr.  Wanklyn’s  well-known  ammonia 
process : — 5 cc.  of  the  wine  are  put  in  a half-litre  flask,  and 
made  up  with  Avater  to  500  cc.;  {i.e.,  5 cc.)  of  this  is  distilled 
■with  a little  water  and  pure  carbonate  of  soda  (ammonia  pure), 
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and  the  ammonia  in  the  distillate  estimated  by  the  colorimetric 
process  known  as  Nesslerising.  An  alkaline  solution  of  per- 
manganate of  potash  is  then  added,  and  the  operation  repeated — 
the  ammonia  coming  over  now  being  the  result  of  the  breaking- 
up  of  albuminoid  bodies.  It  would  appear  that  in  lohite  wines 
the  albuminous  matters  are  very  small  in  amount ; while  in  red, 
and  most  young  wines,  there  is  an  excess  of  albuminous  matters, 
which  decreases  with  age  j hence,  in  experienced  hands,  a deter- 
mination of  this  kind  may  help  to  distinguish  between  old  and 
new. 

Thudichum  and  Dupre  found  in  certain  wines  the  following 
amounts  of  ammonia  ; — 


Ingelheimer,  red, 

Port,  185  i, 

Sherry,  30  years  in  bottle, 
Madeira,  ... 
Merstemer, 

Natural  Port,  . 

Port,  1805, 


Ammonia  free. 
Per  cent. 
0-0051 

o-ooto 

0 0073 
0-0021 
0-0021 
0-0019 
0-0012 


Ammonia  albd. 
Per  cent. 

0-3730 

0-0SS8 

0-1807 

0-1581 

0-3550 

0-0527 

0-1700 


8.  The  tannin  of  Avine  may  be  estimated  by  the  methods 
described  at  }>.  99. 

9.  Estimation  of  the  Colouring  matter  of  Wine. — The  colouring 
matter  of  red  wines  has  been  termed  cenolin,  or  oenocyanin,  and 
has  also  received  other  names.  Glenard  has  assigned  to  it  the 
formula  CjqHjqOj  ; but  it  is  doubtful  whether  it  has  ever  yet 
been  separated  in  a state  of  absolute  purity.  The  process  used  by 
Glenard  was — precipitation  Avith  lead  acetate,  exhaustion  of  the 
Avashed,  dried,  and  powdered  precipitate,  first,  Avith  anhydrous 
ether  saturated  with  HCl,  then  Avith  pure  ether ; and,  lastly, 
extraction  with  alcohol,  from  which  the  cenolin  Avas  obtained  by 
evaporation  as  a bluish-black  powder  insoluble  in  ether,  almost 
insoluble  in  pure  water,  but  more  readily  dissolved  in  acidulated 
w'ater ; acidulated  alcohol  dissolving  it  easily.  The  blue  colour  is 
turned  red  by  acid.  QCnolin,  according  to  V aserine,*  may  be  sepa- 
rated from  wine  by  mixing  the  latter  with  lime  to  the  consistency 
of  a paste,  Avhich  is  drained  on  a funnel.  The  residue,  containing 
the  colouring  matter,  is  mixed  Avith  alcohol  of  95  per  cent.,  and 
treated  Avith  sufficient  sulphuric  acid  to  neutralise  the  lime  and 
decompose  the  compound  of  lime  Avith  the  colouring  matter. 
The  solution  is  filtered  from  calcium  sul})hate,  and  on  evaporation 
leaves  cenolin  as  a black  poAvder.  Solutions  of  cenolin  sIioav, 
when  examined  by  the  spectroscope,  certain  bands,  and  the 

* Bull.  Sac.  Chim.  [2],  xxix.  109,  110. 
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application  of  this  instrument  to  the  investigation  of  wines  is 
indispensable.  In  no  case,  however,  should  the  analyst  trust  to 
descriptions  or  plates  ; the  only  safe  course  is  to  have  in  readiness 
tinctures  of  colouring  matters  of  different  strength  and  different 
ages,  as  well  as  samples  of  wine  artificially  coloured. 

The  colour  of  white  wines  is  due  to  oxidised  tannin ; it  takes 
long  to  develop  j hence,  the  manufacturer  not  unfrequently  adds 
a little  caramel.  Should  this  be  the  only  addition,  it  would  be 
k injudicious  to  consider  the  wine  adulterated. 

H The  artificial  colouring  of  wines  by  elder-berry,  logwood, 
cochineal,  aniline,  <fec.,'*  is  said  to  exist,  at  all  events,  on  the 
Continent;  and  it  is  a fact  that  a few  home-made,  low-priced  wines, 
almost  entirely  fictitious,  are  passed  off  by  the  aid  qf  the  same  or 
similar  substances  ; but  with  regard  to  the  ordinary  foreign  wines 
in  English  commerce,  there  is  no  reliable  evidence  whatever  that 
rny  aclulteration  of  this  kind  has  been  practised.  ISTevertheless, 
t is  absolutely  necessary  to  be  acquainted  with  the  best  and 
t'  nost  recent  methods  for  the  discovery  of  such  frauds. 

Dr.  Dupr^,  taking  advantage  of  the  fact  that  the  colouring 
natter  of  wine  t only  dialyses  to  a minute  extent,  and  that 
'he  colouring  matters  of  Brazil  logwood  and  cochineal  readilv 
lialyse,  separates  the  latter  colouring  matters  from  the  wine  by 
ialysis.  The  same  chemist  has  suggested  a still  more  convenient 
-nd  practical  process — viz.,  the  staining  of  a jelly.  The  jelly  is 
ade  by  dissolving  5 grins,  of  gelatine  in  100  cc.  of  warm  water, 
'Ud  pouring  the  solution  into  a square  flat  mould  made  of  paper. 

I i'rom  this  cake  cubes  about  | inch  square  are  cut  with  a sharp 
4 vet  knife,  and  are  immersed  in  the  wine,  taken  out  after 
|i  he  lapse  of  from  twenty-four  to  forty-eight  hours,  washed 
^ lightly,  and  sections  cut,  in  order  to  see  how  far  the  colouring 
i|  principles  have  penetrated.  If  the  wine  is  pure,  the  colour  will 
fa  le  confined  almost  entirely  to  the  edges  of  the  slice,  or  will  not 
V ave  penetrated  beyond  yV  f ’ ii^ost  other  colouring  matters 
apidly  permeate  and  colour  the  jelly. 

(1.)  Colouring  matters  innetrating  slowly  into  the  jelly  : 

Colouring  matter  of  pure  wine. 

,,  „ PJiatany  root. 

* Soubeiran  says:  “At  Fismes,  in  the  neighbourhood  of  Rheims,  there 
as  been  manufactured  for  more  than  a century  (since  1741)  a colouring 
i;ent  composed  of  elder-berries,  alum,  and  water,  in  different  proportions,  the 

Prolonged  use  of  which  can  only  have  injurious  consequences  on  the  health, 
a account  of  the  alum.  Unfortunately,  the  production  of  this  colouring 
;ent  {teinte)  was  encouraged  by  a royal  decree  of  1781.  . . . Recent 

aalyses  have  shown  that  this  liqueur  de  Fismes  contains  from  20 ’8  to  57 ’oO 
fnis.  per  litre  of  alum.” — Diet,  des  Falsifications.  Paris,  1874. 
t The  colouring  matter  of  Rhatany  root  has  the  same  propert5^ 
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(2.)  Colouring  matters  penetrating  rajndhj  into  the  jelly : 


Kosaniline. 

Cochineal. 

Logwood. 

O 

Brazil-wood. 

Indigo. 


Litmns. 

E,ed  Cabbage. 
Beetroot. 

Malva  sylvestris. 
Althea  officinalis. 


The  jelly  may  be  examined  s]^ectroscopically,  good  results  being 
obtained  in  the  case  of  rosaniline,  red  cabbage,  and  beetroot; 
and  may  be  also  tested  with  reagents — e.g.,  dilute  ammonia 
dissolves  much  colour  from  the  slice,  if  the  colour  should  be 
derived  from  logwood  or  cochineal ; on  the  other  hand,  the 
ammonia  remains  colourless  in  the  case  of  rosaniline,  red  cabbage, 
and  beetroot. 

“^'A  simple  method  for  the  detection  of  certain  colouring  matters 
is  that  of  Lammatine  : — Shake  100  parts  of  the  wine  with  100 
of  coarsely-powdered  peroxide  of  manganese,  and  then  pass 
through  a double  filter ; if  pure,  a colourless  filtrate  will  result. 
The  process  is  said  to  answer  well  in  the  case  of  logwood  and 
cochineal,  but  to  fail  with  aniline. 

A general  method,  applicable  to  fuchsine  and  other  colouring 
matters,  is  based  upon  the  fact  that  a great  many  of  the  colour- 
ing matters  which  may  be  used  for  purposes  of  wine  adulteration 
(such  as  caramels,  ammoniacal  cochineal,  sulphindigotic  acid, 
logwood,  and  the  lichen  reds),  are  precipitated  by  acetate  of 
lead ; whilst  fuchsine,  if  present  in  considerable  quantity,  is 
only  partially  thrown  down.  Those  which  are  not  precipitated 
may  be  separated  by  agitating  the  filtrate  with  amyl  alcohol. 

The  lead  precipitate  may  be  ti'eated  by  dissolving  out  cochi- 
neal, sulphindigotic  acid,  and  fuchsine,  by  a solution  of  potassic 
carbonate  [2  : 100].  From  this  liquid  the  fuchsine  is  separated 
by  neutralisation  with  acetic  acid  and  agitation  with  amyl 
alcohol,  the  rose-coloured  liquid  obtained  being  identified  as  a 
solution  of  fuchsine  by  the  spectroscope.  On  now  acidifying 
the  liquid  with  sulphuric  acid,  the  carminamic  acid  from  the 
cochineal  is  removed  by  means  of  amyl  alcohol,  and  identified  . 
by  its  thi'ee  bands — viz.,  one  between  D and  E in  the  red,  the  j 
second  in  the  green,  and  the  third  in  the  blue.  The  indigo  a 
remaining  may  be  detected  by  the  blue  colour,  and  absorption: 
band  between  C and  D.  The  original  lead-precipitate,  insoluble : 
in  potassic  cai’bonate,  is  treated  with  a 2 per  cent,  solution  of 
potassium  sulphide,  which  dissolves  the  colouring  matter  of» 
logwood  and  that  of  the  wine  itself.  Logw^ood  may,  however,, 
be  tested  for  directly  in  the  wine  by  the  addition  of  calciunu 
carbonate  and  two  or  three  drops  of  lime-water.  In  the  casa 
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Nature  of  the  Liqtu<1  To  1 cc.  of  the  uu 
flvrmunert  clanHed  wine,  add 

exouunea.  3 to  5 cc.  of  a 1-20O 

I solution  of  sodium 

I carbonate,  according 

to  the  acidity  and  in- 
tensity of  colour. 


PUBE  WINE. 


PUBE  BBAZIL-WOOD. 


Brazil-wood,  1 part  (. 
Wine,  4 „ j 


PURE  LOGWOOD. 


Logwood,  1 pail  1 

Wine,  4 „ » 


PUBE  COCHINEAL. 


Cochineal,  1 part.  I 
Wine,  4 „ J 


PUBE  FUCHSINE. 


Fuchsine,  1 part.  ^ 

Wine,  4 „ ) 


Colouration  bluish- 
green;  grey,  slightly 
greenish,  according 
to  the  wine.  With 
ammou,  lilac. 


Bed  currant. 


Brown-lilac,  or  brown 
tinged  wim  maroon. 


Bed-purple,  or  violet. 


Same  colourations  as 
pure  ivine. 


Grey  flax- blossom,  or 
grey  with  tinge,  of 
lilac. 


Colour  greenish  - grey, 
sometimes  with  lilac 
tint. 


POBTUGAL  BERRIES.  Violet-rose, 
pure.  i 


Phytolacca,  1 part  ‘ Dark  violet,  or  lilac. 


Wine, 


i I 


Heat  the  precodiug  to 
hoiliug. 


The  liquid  becomes  yel- 
low; has  a tendency 
to  become  decolour- 
ised. Any  trace  of 
lilac  present  disap- 
pears. 


C. 

To  2 CO.  of  clavifled  wine 
add  1-5  to  2 cc,  of  an 
S per  cent  solution  of 
sodium  bi-carbonate 
charged  with  carbonic 
acid.  Examine  the 

colour  after  2 minutes. 


D., 

To  2 CO.  o|  elariflod 
wine  add  j 3 cc.  of 
dilute  ammonia  (1  of 
ammonia  to  10  of 
water) ; then  dilute 
with  5 CO.  of  water. 


Deep  grey,  with  a Uttle 
green,  or  sometlmos 
violet 


HOLLYHOCK,  pure.  Dark  bottle-green. 


Hollyhock,  1 part. 
Wine,  4 „ 


BEETROOT,  pure. 


Greenish,  slightly  blue, 
or  greenish-grey. 


\ Rose,  or  yellowish  red, 
I which  is  persistent 


Beelroot,  1 part 
Wine,  4 ,, 


, Yellowish -grey,  if  the 
fl  beet-juicewaa  fermen- 
ted: faint  yellowish- 
red  if  fresh, 


BLACK  E^DEB,  pure. 


Black  elder,  1 part 
Wine,  4 „ 


Violet-lilac  changln™  to 
<lurk  bluish-grey,  then 
to  bluish-green. 

Dark  green  'ivith  lilac 
tinge. 


DW,jVRF  ELDER,  pure.  Bottle-green,  darkened 
with  grey. 


Dwarf  elder,  1 part.  1 
Wine,  4 „ f 


Privet,  1 part  I 

Wiuc,  4 „ J 


Green  with  lilac  tinge, 
or  grey  slightly  greet 


Dark  green. 


Dark  green  to  greenish- 

grey. 


Lilac,  or  wine  violet 


The  grey  tinged  with 
lilac  is  unchanged. 


The  rose-lilac  or  rose- 
violet  tint  disappears. 


Yellow-grey  with  little 
maroon,  which  in- 
creases with  the 
amount  of  phytolacca. 

Dark-greeniah  grey. 


Partially  decolourised, 
sightly  greenish-grey. 


Tends  to  be  decolourised 
if  the  beet-juice  was 
old;  yellomsh  - grey 
touched  with  red  if 
fresh. 


Dark  greenish-grey. 


The  green  tends  to  dis- 
appear on  heating. 


Changes  to  dirty  yellow- 


Rose  wine-colour. 


Greenish  deep  grey. 


Grey,  tinted  with  lilac  or 
violet. 


Wine,  lees  roseate. 


Greenish  grey-blue  or 
greenish  grey,  faintly 
lilac. 


Lilac,  soiled  with  grey, 
or  maroon. 


Violet  lilac.  The  violet 
tends  todisappearwlih 
an  excess  of  re-ageur, 
and  to  return  on  heat- 
ing. 


WHORTLEBERRIES,  Wine  colour,  more  re-  Becomes  yellowish-grey, 
pure.  agent  changes  it  to 

I givy-lilac,  and  grey 
I tinged  ^vitb  lilac. 


Wine,  4 „ 
INDIGO,  pure. 


Yellowish-grey  with  a 1 Becomes  deep  grey. 
! little  lUao  or  rose,  | 


Indigo,  1 part.  ) Greenish,  slightly  blue, 
Wine  (not)  j- 

clarifled)  J 4 „ U 


Tends  to  become  yellow. 


Bottle-green, 


Rose  or  yellowish-red, 
which  is  persistent. 

Reddish-yellow  or  ^ilao 
brown. 


Remains  lilac  for  an 
instant,  then  rapidly 
changes  to  grey  with 
greeniah-blue. 

Wine  red. 


Lilac  with  grey;  or  grey 
tinged  >vith  maroou. 


Dark  grey  tinged  with 
maroon. 


Remains  lilac.  An  ex- 
cess of  the  re-agent 
rapidly  changes  it  to 
grey,  slightly  reiL 

Yellowish  - grey,  fre- 
quently with  a little 
red. 

Liquid  blue,  tending  to 
become  green. 

Bluish,  or  greeuish-hluo. 


Greenish-grey. 


Greenish-grey,  or  green- 
ish-grey brown. 


Rose,  decolourised  by  an 
excess  of  reagent 


Greenish-grey,  with  or 
without  tinge  of  rose. 


Deep  grey,  with  a little 
maroon,  or  lilac. 


Bottle-green,  darkened 
with  grey. 

Yellow  If  the  beet-juice 
was  fermer^d;  rose- 
ate if  new. 

Dirty  - yelloifch  grey, 
with  a litt ) maroon 
if  the  beelauice  was 
fresh  and*^  "'  '■ 
mented. 


not  fer- 


Fino  green. 


Dirty  greeniali-grey. 


Dark  bottle-green, 


Dark  green 
possibly  ti 
maroon. 

Dark  green. 


vith  grey, 
ifaged  with 


Bluish,  gret 
or  greenis^. 
coi'diug  to 
of  wine. 


E. 

! CC.  of  clarified  wine 
are  treated  with  2 cc. 
of  saturated  baryta 
water,  and  filtered 
after  IS  minutes. 


Colour  of  the  filtrate. 


Dirty  yellow,  with  a 
little  green. 


The  filtrate  E is  acidu- 
lated with  acetic  acid. 


blue, 
•grey,  ac- 
he variety 


Maroou  by  tnnsmitted 
light;  gi'W  bottle- 
green,  byi  retlected 
light.  ' 

Grecnish-gr^  or  yellow- 
ish-grey. ' 


Blue.  Slowly  decolour- 
isecL  1 


Oak-leaf  green. 


Dirty  greenish-yellow. 


Dii’ty  greenish-yellow. 


Dirty  yellowish-green. 


Dirty  greenish-yellow. 


Dirty  gi-eenish-yellow. 


Clear  yellowish. 


Dirty  greenish-yellow. 


Clear  greenish-yellow. 


Yellowish,  with  a little 
green. 


Greenish-yellow. 


Becomes  green;  then 
slowly  decolourised. 


Dirty  green-grey. 


Liquid  faintly  roseate; 
ill  eoi’tain  cases  nearly 
colourless. 


Colour  of  onion  skin, 
or  nearly  colourless 
yellow. 


Scarcely  roseate. 


Very  distinctly  rose. 


G. 

To  2 cc.  of  clarified 
wine  add  3 to  4 cc.  of 
saturated  solution  of 
boras,  (depending 
upon  the  depth  of  the 
colour  of  the  wine.) 


Distinctly  rose. 


Scarcely  roseate. 


Yellowish,  or  colour  of 
onion  skin,  slightly 
rose. 


Liquid  is  roseate 


Scarcely  roseata 


Scarcely  roseate. 


Faintly  roseate. 


Liquid  grey  - blue  or 
greeuish;  flax  blos- 
som ; sometimes  a 
trace  or  more  of  lilac. 


Rose  wine-colour. 


Grey-blue  (flax blossom) 
slightly  tinged  with 
maroon. 


Lilac,  or  bluish  grey, 
tinged  with  lilac. 


Bluish-grey  with  lilac; 
sometimes  the  latter 
is  very  faint. 


Lilac,  or  grey-blue  with 
little  lilac. 


Colour  of  dark  infusion 
of  tea. 


Greenish  blue-grey. 


Rose,  or  yellowish-red, 
accoi'diuK  to  the  age 
of  the  infusion. 

Grey;  a little  brown- 
violet  if  the  beet-juice 
was  recent. 


H. 

To  4 cc.  of  clarified 
wine  add  1 cc.  of  a 
10  per  cent,  solution 
of  alum,  and  1 cc.  of 
a 10  per  cent,  solution 
of  sodium  carbonate. 

Colour  of  the  lake. 


Wine  colour. 


Lilac;  or  greenish-grey- 
blue,  scarcely  lilac. 


Colour  of  port  tvine. 

Greenish  grey  - blue, 
tinged  with  liLic. 

Dirty  reddish-rose. 

Greenish  - grey  - blue, 
tinged  with  lilac. 


I Dirty  yellow,  tinged 
with  lilac. 


Grey,  with  a little  lilac. 
Blue. 

Bluish-green 


Lake  bluish-g 
greenish. 


Lilac-lake,  running  into 
rose  or  brick-red. 


Lake  violet-blue. 


Lakebluish-green  tinged 
with  violet,  becoming 
more  violet  by  drying 
in  the  air. 

Lake-rose. 


Lake  - bluish,  slightly 
roseate. 


Lake-bluish  or  greenish, 
slightly  roseate. 


Bluish-green,  or  green- 
ish, slightly  roseate 
with  more  phytolacca. 


Colour  of  the  filtrate 
from  II. 


Clear  bottle-green,  al- 
most colonrless  wth 
certain  rare  vaileties. 


Grey,  with  a little  ma- 
roon. 


Clear  bottle-green. 


Liquid  always  rose,  more 
or  less  deep. 


Clear  green. 


li. 

M. 

N.  . 

0. 

P. 

To  2 CC.  of  clavifled 
wine  add  1 cc.  of  sub- 
acetate of  lead,  of 
15*  B.  Shake.  Filter. 

Colour  of  precipitate. 

Coldnr  of  Sltr< 

to  from 

To  1 ce.  of  clarified 
wine  add  1 cc.  of  alu- 
minium acetate  of  2* 
B.  Colour  of  liquid. 

To  1 cc.  of  clarified 
wine  add  4 drops  of 
potassium  aluminaie 
(obtained  by  adding 
alum  to  a solution  of 
alumina  in  potash.) 
Filter  the  mixture. 

To  OT  grm.  of  bariam 
biuoxide  add  5 drops 
of  a 5 per  cent  solu- 
tion of  tartaric  acid, 
and  then  3 cc.  of  clari- 
fied wine.  Examine 
the  colour  IS  hours 
aftenvarda. 

Ashy-blue  green,  rarely 
apple-green,  or  yellow- 
ish-green. 

Decolourised, 

Wine  lilac.  Aramon  is 
nearly  decolourised. 

Lilac,  faintly  rose,  ten- 
dency to  decolourise. 

Liquid  scarcely  rose- 
tinted:  a trace  (or 
none)  of  orange  de- 
posit in  contact  with 
the  blnoxide. 

Brown  lilac. 

If  an  excess 
salt  is  added 
fluid  heatec 
currant. 

of  lead- 
and  the 
: Red 

Preserves  its  original 
colour. 

” 

Precipitate  ashy-blue, 
tinged  wi^  yellow  or 
brick-red.* 

Decolourised, 
slightly  redd 

)r  very 
sh. 

Old-wine  red,  or  yoseate. 

Colour  of  onion  skin,  or 
slightly  rose. 

Liquid  yellow,  without 
rose  colour  even  iu  10 
hours.  Large  orange 
deposit  in  contact  with 
the  blnoxide. 

Somewhat  violet. 

Colourless; 
slightly  lilac. 

ir  but 

Becomes  violet-blue. 

Precipitate  lilac,  or 
somewhat  violet. 

Blue,  rather  more  violet 
than  with  wne  only. 

Decolourised, 
very  slightly 

or  but 

j’ellow. 

Violet  or  lilac. 

Bose,  tinged  with  violet. 

Like  the  preceding  mix- 
ture. 

Deep  violet  lilac. 

Lilac,  almost  c<; 

lourless. 

Bose  lilac. 

Rose-lilac 

Ashy-blue;  clear  green. 

Decolourised. 

Wine  lilac. 

Rose. 

Liquid  rose,  with  tinge 
of  orange -yellow  in 
contact  with  blnoxide. 

No  precipitate. 

Bose. 

Rose. 

Bose. 

’■ 

Ashy-blue;  sometimes 
rose  tinted. 

Bose. 

Lilac  or  rosy. 

Bose. 

Liquid  scarcely  rose 
tinted.  Orange  de- 
posit in  contact  with 
blnoxide. 

Violet  maroon,  slight; 
soluble  in  excess. 

Decolourisedif  tlielead- 
sait  is  not  in  excess ; 
otherwise  yellow-red. 

Violet  rose. 

Ashy-greenish-hlue. 

Decolourised,  jor  only 
very  faintly  roseate. 

1 

! 

Wine  lilac,  or  distinctly 
lilac. 

Bright  rose. 

Liquid  distinctly  rose. 
Orange  deposit  in  con- 
tact with  blnoxide. 

NOTES  TO  TABLE  A. 

1.  Each  wine  re  acts  in  a slightly  different  manner,  according  to  its  variety,  age,  &c. 

This  Table  refers  to  wines  of  five  to  fifteen  months  old,  and  particularly  to  the 
following: — Pinot,  Carignane,  Teinturier,  Carbenet. 

Aramon  gives  special  reactions  not  shown  here. 

2.  The  word  puve  means  not  mixed'  with  winei  The  reactions  shown  were  obtained  by 

acting  upon  solutions  of  the  substances  iu  water,  containing  10  per  cent,  of  alcohol, 
and  were  made  of  such  strength  that  the  colours  corresponded  in  intensity  with 
those  of  the  wines  being  examined. 

3.  Brazil-wood,  1 wine  4 parts,  means  tliat  the  intensity  of  the  colour  of  the  liquid 

examined,  resulted  from  the  mixture  of  the  decoction  of  Brazil-wood  and  of  wine 
in  the  proportions  named.  These  proportions  refer  only  to  the  intensity  of  the 
colouration,  and  represent  but  a very  minute  ponderable  quantity  of  the  adulter- 
atinjc  substance. 
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of  a natural  wine,  the  filtered  liquid  is  almost  colourless,  but 
is  of  a fine  red  colour  if  logwood  is  present.  Lastly,  the  lichen 
red  may  be  obtained  by  washing  the  insoluble  portion  left  after 
treatment  with  potassium  sulphide,  and  dissolving  it  in  alcohol, 
when  a red  colour  and  a definite  absorption  band  reveal  its 
presence. 

For  the  detection  of  fuchsine  simply.  Bouillon  {Comines  rendus, 
Ixxxiii.  858,  859)  recommends  half  a litre  of  the  wine  to  be 
evaporated  down  to  120  cc.,  with  the  addition  of  20  grms.  of 
barium  hydrate.  It  is  then  filtered,  and  the  filtrate  shaken  up 
with  ether ; the  ether  is  separated,  a drop  of  acetic  acid,  a little 
water,  and  a small  piece  of  white  silk,  are  added,  and  (if  an 
appreciable  amo\int  of  fuchsine  is  present)  the  silk  assumes  a 
pink  colour  immediately  ; if  not,  the  liquid  must  be  concentrated 
nearly  to  dryness. 

Lastly,  M.  A.  Gautier*  has  proposed  a method  aiming  at  a 
systematic  detection  of  every  probable  colouring  matter  likely 
to  be  added  to  wine.  How  far  the  whole,  or  any  portion,  of  this 
elaborate  system  will  be  followed  and  confirmed  by  chemists, 
remains  to  be  seen. 

The  following  abstraet  of  M.  Gautier’s  paper  is  taken  from 
the  Analyst,  i.,  1877: — 


M.  Gautieh’s  Process  for  Detecting  Colouring  Matters 

IN  Wine. 


Preliminary  Preparation  of  the  Sample. — Tlie  wine  to  be- 
examined  is  mixed  witli  one-tenth  its  volume  of  white-of-egg, 
previously  diluted  with  one  and  a half  times  its  bulk  of  water, 
veil  shaken,  and,  after  standing  for  half  an  hour,  filtered.  If 
he  wine  is  very  poor  in  tannates,  a few  drops  of  a fresh  aqueous 
solution  of  tannin  should  be  added  previous  to  the  agitation  with 
albumen.  The  filtrate  is  treated  with  dilute  sodium  bicarbonate 
until  its  reaction  is  very  feebly  acid.  All  the  reactions  of  Table 
B.  must  be  made  on  this  liquid,  except  those  for  indigo,  whick 
a’e  executed  upon  the  albuminous  precipitate. 

Table  B. — systematic  process  to  be  followed  for  the  detec- 
tion OF  the  nature  of  foreign  colouring  matters 
added  to  wines. 

A.  Having  placed  aside  the  filtrate  from  the  albuminous  pre- 
'^ipitate,  the  precipitate  is  washed  until  the  washings  are  almost 
3olourless. 
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Two  cases  may  present  themselves  ; — 

{a.)  The  precipitate  after  washing  remains  wine-coloured,  lilac, 
or  maroon ; toine,  natural,  or  adulterated  ivith  the  greater  part  of 
the  substances  iisually  emploijed.  Pass  on  to  C. 

if.')  The  precipitate  is  of  a very  deep  wine-colour,  violet-bhie, 
or  bluish;  xoines  from  the  deepest  coloured  grapes,  or  wines  coloured 
with  indigo.  Proceed  to  B. 

B.  The  precipitate  is  washed  with  water,  tlien  with  alcohol  of 
25  per  cent.,  a part  is  then  removed  and  boiled  with  alcohol  of 
So  per  cent. 

(a.)  The  filtrate  is  rose,  or  wine-coloured.  A portion  of  the 
jirecipitate  is  removed  from  the  filter,  suspended  in  water,  and 
carefully  saturated  with  dilute  potassium  carbonate.  The  colour 
•changes  to  brown  or  blacldsli-brown  ; natural  wines,  or  adulterated 
loith  substances  other  than  indigo.  Pass  to  C. 

(5.)  The  filtrate  is  blue.  A portion  of  the  precipitate  sus- 
pended in  water  and  treated  with  dilute  potassium  carbonate 
affords  a deep  blue  liquid,  which  changes  to  yellow  by  an  excess 
of  the  reagent.  Various  preparations  of  indigo.  Indigo. 

C.  2 cc.  of  wine  are  treated  with  G to  8 cc.  of  a solution  of 
sodium  carbonate,  which  must  be  added  in  slight  excess  (1  cc.) 
after  the  change  of  colour. 

(ft.)  The  liquid  becomes  lilac,  or  violet,  sometimes  the  liquid 
becomes  only  winey,  or  dashed  with  violet.  Brazil-wood, 
cochineal,  Portugal  berries,  fuchsine  ....  wines  of  certain 
■sorts,  fresh  beetroot,  logwood,  both  elders,  whortleberries  (myrtille), 
Portugal  berries.  Pass  to  D. 

(b.)  The  liquid  becomes  bluish-green,  sometimes  with  a faint  i 
lilac  tint,  wine,  hollyhoch,  privet,  xvhortleberries,  logwood,  Portugal  \ 
berries,  fuchsine.  Pass  to  M.  I 

(c.)  The  liquid  becomes  greenish-yellow  without  any  blue  or  i 
violet,  beetroot  (old  or  fermented  decoction),  whortleberries,  certain. < 
rare  varieties  of  wine.  Pass  to  L. 

D.  The  liquid  C.  a.  is  heated  to  boiling. 

{a.)  The  liquid  remains  wine-violet,  rose,  or  wine-lilac,  or-; 
becomes  a brighter  lilac;  logwood,  Brazil  wood,  cochineal,  certain. ^ 
varieties  of  wine.  Pass  to  E. 

ib.')  The  colour  disappears,  or  changes  to  a yellow,  or  maroon,, 
or  reddish  tint,  wine,  fuchsine,  both  elders;  whortleberries,  PortugalX 
berries,  fresh  beetroot.  Pass  to  F. 

E.  Treat  4 cc.  of  the  wine  with  2 cc.  of  each  of  a 1 0 per  cent.w 
solution  of  alum,  and  a 10  per  cent,  solution  of  crystallised  sodiuno 
carbonate.  Filter. 

{a.)  Clear  yellowish-green  lake  (which  may  be  bluish  from 
mixtures  of  wines  containing  arainon),  filtrate  colourless,  becom-. 
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.ng  very  slightly  yellow  on  warming ; its  own  volume  of 
4jiluminium  acetate  at  2°  B.  almost  wholly  decolorises  it.  On 
ii  icidification  with  acetic  acid,  after  treatment  with  its  own 
fl  mlume  of  barium-hydrate  (saturated  solution),  the  wine  becomes 
I ■ dear  greenish-yellow,  maroon,  pitre  or  mixed. 

( (6.)  Greenish-blue  lake,  or  dirty  yellowish-green,  according  to 

die  varieties  present,  sometimes  very  slightly  winey.  Filtrate 
h iright-rose,  gradually  decolorised  on  warming,  though  retaining 
nge  of  lilac  ; not  decolorised  by  lime-water  in  the  cold. 
JJOCHINEAL. 

(c.)  Winey-violet  lake,  which  darkens  on  exposure  to  the  air. 
n r I’iltrate  bottle-green,  or  grey  faintly  red  (if  much  logwood  is 
I present).  The  filtrate  becomes  green  on  warming.  Logwood. 
{d.)  Lilac,  or  maroon-lilac  lake.  Filtrate  greyish  with  tint  of 
naroon.  On  boiling,  this  filtrate  becomes  fine  old  wine  coloured. 
RAZIL  WOOD. 

F.  Treat  4 cc.  of  the  wine  with  alum  and  sodium  carbonate 
as  explained  at  E.),  add  to  the  mixture  two  or  three  drops  of 
/ery  dilute  sodium  carbonate,  and  filter. 

(a.)  The  filtrate  is  lilac  or  winey,  Portugal  berries,  fresh  beetroot. 
pass  to  G. 

(b.)  The  filtrate  is  bottle-green,  or  reddish-green,  wine,  fuchsine, 
lack  elder,  whortleberries,  beetroot.  Pass  to  H. 

G.  Treat  2 cc.  of  the  wine  with  subacetate  of  lead  solution  of 
ensity  15°  B.  Shake.  Filter. 

(a.)  The  filtrate  is  rose,  which  persists  even  when  made  slightly 
dkaline ; it  slowly  disappears  on  boiling.  Lime-water  destroys 
he  rose  colour.  Portugal  Berries. 

(5.)  The  filtrate  is  yellowish,  or  brownish-red.  Fresh  Beet- 

lOOT. 

H.  The  alum-lake  obtained  from  F.  (5.)  was — 

{a.)  Deep  blue.  On  treating  the  clarified  wine  with  a few 

Irops  of  aluminium  acetate  solution,  it  becomes  a decided  violet, 
>r  wine  violet.  Both  elders.  Pass  to  I. 

(5.)  Bluish-green,  green,  or  faintly  rose-tinted,  wine,  whortle- 
<erries,  beetroot,  fuchsine.  Pass  to  J. 

I.  After  the  test  H.  (a.)  treat  a fresh  quantity  of  2 cc.  witli 
•5  to  2 cc.  (according  to  its  acidity  and  the  depth  of  its  colour) 
<f  an  8 per  cent,  solution  of  sodium  bicarbonate  charged  with 
arbonic  acid. 

(a.)  The  liquid  remains  lilac  for  a moment,  then  changes  to 
ii|  ;reenish-grey  bJue.  Another  specimen  treated  with  sodium 
arbonate  (according  to  C.),  and  heated  to  boiling,  becomes  dark 
;reenish-grey.  Black  Elder. 

(5.)  The  liquid  retains  a lilac  tint,  or  becomes  grey  with 
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mixture  of  maroon,  or  dirty  lilac.  Another  specimen  treated  I 
with  sodium  carbonate  (as  at  C.)  tends  to  discolour  on  heating,  I 
the  green  being  replaced  by  red.  Dwarf  Elder.  I 

J.  Treat  5 cc.  of  the  clarified  wine  with  a slight  excess  of  | 

ammonia,  heat  to  boiling,  and  after  cooling  shake  with  10  cc.  of  I 
ether,  decant  and  evaporate  the  ether,  and  treat  the  residue  left  1 
on  evaporation  with  acetic  acid.  I 

(a.)  The  liquid  becomes  red.  Fuchsine.  I 

(b.)  The  liquid  does  not  become  red,  xoine,  v;hortleberries,  fresh  ■Jj 
beetroot.  Pass  to  K.  II 

K.  Another  specimen  is  treated  according  to  C.  with  sodium  || 

carbonate.  11 

{a.)  The  colour  darkens  or  becomes  red  on  heating,  whortle-  )X\ 
berries,  fresh  beetroot.  Pass  to  L.  |i 

(5.)  The  greenish  or  bkiish-green  liquid,  possibly  having  a.il; 
winey  tinge,  has  a tendency  to  discolour  on  heating.  Natural\)\\ 
wine.  i 

L.  Treated  with  sodium  bicarbonate  according  to  the  rules | 
given  at  I. 

(a.)  The  liquid  is  deep  grey,  slightly  greenish,  green,  some--!  1 
times  green  with  very  slight  lilac  tint.  I j 

The  clarified  wine,  treated  with  an  equal  volume  of  saturatedil  | 
baryta  water,  filters  after  standing  for  fifteen  minutes,  dirtyjljl 
yellow,  or  slightly  greenish.  Jj[ 

With  an  equal  volume  of  aluminium  acetate  of  2°  B.  it  gives  aijj 
lilac  wine-coloured  filtrate.  I I 

With  a few  drops  of  aluminate  of  potash  no  change  of  coloiucj  i 
With  sodium  carbonate,  employed  as  at  C.,  the  liquid  tends  toj  | 
lose  its  colour  on  heating.  With  barium  peroxide,  used  accord  j j 
ing  to  Table  A.,  column  P.,  the  liquid  is  faintly  rose-tinted,  witU  h 
or  without  an  orange-coloured  deposit  on  the  barium  peroxideij  | 
Natural  Wine.  u 

With  the  general  characters  above  indicated,  if  with  barytdU 
water  it  afibrds  a madeira-coloured  filtrate,  changing  to  buff’  orH 
acidulation  with  acetic  acid  ; if  with  borax  it  becomes  deep-greeiH  c 
with  a bluish  cast ; if  with  alum  and  sodium  carbonate  (as  at  E.)  J f 
a deep  bottle-green  with  bluish  tinge,  and  a precipitate  falls,  anuj  I 
if  with  aluminium  acetate  it  remains  rose-coloured  with  no  changJ  )> 
to  violet-blue.  Teinturier. 

(J.)  The  liquid  is  reddish -yellow  or  brown-lilac.  By  trealijjl 
ment  with  acetate  of  alumina  the  filtrate  is  clear  lilac.  With  jj  * 
few  drops  of  aluminate  of  potash  the  colour  becomes  that  of  thi  \ 
skin  of  an  onion,  and  with  a larger  quantity  of  the  reagent  tliljj  j 
colour  is  gi’een,  tinged  with  maroon.  With  sodium  carbonatijl  | 
(employed  as  at  C.)  the  fluid  passes  to  yellowish  or  greyish-yellow  | 
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with  tinge  of  red.  "Witli  barium  peroxide,  flesli-coloured  liquid 
with  considerable  orange-coloured  deposit  in  contact  with  the 
pei'oxide.  Beetroot,  fermented  or  not. 

(c. ) The  liquid  is  yellowish-grey,  with  tinge  of  green  or  red. 

I "With  baryta  water  the  filtrate  is  yellowish  olive-green.  With 
aluminium  acetate  the  filtrate  is  bluish-violet,  or  violet-lilac. 
With  aluminate  of  potash,  fresh  rose,  becoming  yellowish-green, 
with  an  excess  of  reagent.  With  sodium  carbonate  (as  at  C.)  the 
fluid  becomes  deep  grey  on  heating.  With  barium  peroxide  the 
fluid  is  bleached,  or  remains  but  very  slightly  roseate,  with  a 
trace  of  orange  deposit  in  contact  with  the  peroxide.  Whortle- 
berries. 

M.  The  mixture  of  wine  and  alkaline  carbonate  C.  (5.)  is  heated 
to  boiling. 

(a.)  The  mixture  becomes  lilac-violet,  or  violet.  Logwood. 

(b.)  The  mixture  tends  to  become  decolorised,  or  changes  to 
yellowish-green,  or  dai'k  green,  or  maroon  green,  natural  wines, 
whortleberries,  both  elders,  privet,  Portugal  berries,  fuchsine.  Pass 
to  N. 

H N.  Treat  the  wine  with  alum  and  sodium  carbonate,  as 
U directed  at  E.,  and  filter. 

H (a.)  The  colour  of  the  filtrate  is  lilac.  Portugal  berries. 

B (b.)  The  filtrate  changes  to  bottle-green,  or  reddish-green. 

I Natural  wines,  ivhortleberries,  hollyhock,  privet,  both  elders,  fuchsine. 

I Pass  to  0. 

p 0.  Treat  2 cc.  of  the  clarified  wine  with  3 or  4 cc.  of  a saturated 
solution  of  borax,  according  to  the  intensity  of  the  colour  of  the 
wine. 

(a.)  The  liquid  remains  wine-lilac,  or  wfith  some  violet  tinge, 
both  elders,  privet,  ivhortleberries.  Pass  to  P. 

(5.)  The  fluid  becomes  bluish-grey-flax-blossom,  greenish  or 
bluish-grey,  with  very  faint  trace  of  lilac,  pure  ivine,  whortle- 
berries, hollyhock,  fuchsine.  Pass  to  B. 

^ P.  Treat  a new  portion  of  wine  with  sodium  bicarbonate  (as 
directed  at  I). 

(«.)  The  tint,  at  first  lilac,  changes  afterwards  to  grey,  slightly 
brownish,  or  to  maroon.  If  a new  portion  be  treated  with  sodium 
carbonate,  according  to  C.,  and  then  heated  to  boiling,  it  becomes 
clearer,  and  loses  its  green  tint. 

The  lake  obtained  according  to  E.  is  deep  blue-green.  Davarf 
Elder. 

(5.)  The  specimen  remains  grey,  tinged  with  green,  bottle- 
^reen,  or  yellowish.  Sometimes  (black  elder)  it  acquires  a lilac 
tint,  which  almost  immediately  disappears,  changing  to  a 
^reenish-grey-blue,  whortleberries,  black  elder,  privet.  Pass  to  Q. 
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Q.  Treat  a specimen  of  tlie  wine  with  alum  and  carbonate  of 
soda  (as  directed  at  E.).  Shake  the  mixture,  and  after  a few 
moments  throw  it  on  a filter. 

(a.)  The  lake  remaining  on  the  filter  is  deep  green-blue ; the 
filtrate  is  clear  bottle-green.  A sample  treated  Avith  sodium 
carbonate  (as  at  C.)  darkens  and  becomes  grey,  slightly  greenish, 
on  heating  to  boiling.  Black  Elder. 

(b.)  The  lake  is  clear  bluish  or  greenish.  The  filtrate  is  clear 
bottle-green.  A sample  treated  with  sodium  carbonate  (as  at  C.), 
and  heated  to  boiling,  changes  to  dirty  yellowish.  Privet. 

(c.)  The  lake  is  ash-green  faintly  rose-tinted.  The  filtrate 
is  bottle-green,  with  tint  of  maroon.  A sample  treated  Avith 
sodium  carbonate  (according  to  C.)  becomes  deep  grey  on  being 
heated  to  boiling.  Whortleberries. 

B.  Treat  a specimen  of  the  AAune  Avith  ammonia  and  ether,  as 
directed  at  J. 

(a.)  The  ether  being  decanted  and  eALaporated,  the  fluid  residue 
becomes  rose-coloured  on  treatment  Avith  acetic  acid.  Fuchsine. 

(5.)  The  liquid  left  after  the  evaporation  of  the  ether  does 
not  become  red  on  acidification  Avith  acetic  acid,  natural  wines, 
hollyhock,  whortleberries.  Pass  to  S. 

S.  A sample  is  treated  Avith  its  OAvn  bulk  of  a solution  of 
aluminium  acetate  of  2°  B. 

(a.)  The  colour  of  mixture  remains  Aviney,  natural  wines, 
whortleberries',  diflerentiate  between  them,  as  directed  at  L.  (a), 
and  L.  (c). 

(5.)  The  colour  of  the  mixture  becomes  violet-blue,  hollyhock, 
whortleberries.  Pass  to  T. 

T.  A specimen  is  treated  with  alum,  and  sodium  carbonate 
(as  at  E.),  and  after  a feAV  moments  filtered. 

{a.)  The  lake  is  clear  green,  slightly  bluish,  and  rose-tinted, 
filtrate  is  bottle-green,  Avith  little  maroon.  With  borax  (as  at 
().),  particularly  if  the  sample  has  been  concentrated,  the  liquid 
is  grey  with  trace  of  lilac.  2 cc.  of  the  liquid  treated  Avith 
3 cc.  of  dilute  ammonia  (1  vol.  of  liq.  ammonia  Avith  10  vols.  of 
Avater),  and  the  mixture  diluted  Avith  its  oAvn  bulk  of  Avatex’, 
gives  a liquid  which  is  yelloAvish-grey,  greenish  or  greenish-grey. 
The  other  chax’acteidstics  as  at  L.  Whortleberries. 

(5.)  The  lake  is  green,  slightly  bluish,  quite  free  from  rose, . 
filtrate  clear  bottle-green.  With  boi’ax  the  liquid  is  greenish  | 
blue-grey.  W.ith  ammonia  (as  above),  dark  bottle-green.  With, 
aluminium  acetate  (as  at  S),  bluish-violet  coloration.  Hollyhock. 

Although  somewhat  difficult,  this  systematic  method  serves* 
for  the  discovery  of  several  colouring  matters  mixed  in  one( 
Avine,  if  the  indications  of  Tables  A.  and  B.  are  carefully; 
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observed,  and  followed.  It  is  always  desii'able  to  determine 
the  presence  of  fuclisine  by  the  special  reactions  given  further 
on.  By  means  of  Table  E.  the  presence  of  one  or  several  of  the 
colouring  matters  may  be  detected,  but  before  deciding,  it  is  as 
well  to  verify  by  repeating,  for  the  substances  so  found,  the 
reactions  of  Table  A.  on  the  sample ; and  also  the  more  special 
characteristics  given  further  on,  for  the  identification  of  those 
substances. 


SPECIAL  HEACTIONS  FOR  THE  DETECTION  OF  CERTAIN  OF  THE 
COLOURING  MATTERS  MIXED  WITH  WINES. 

i 

Brazil  Wood. — Even  a very  strong  clarification  (two  or  three  ' 

times  more  albumen  than  mentioned  at  the  head  of  Table  B.) 
does  not  wholly  decolorise  the  adulterated  wine.  It  becomes 
yellow-buff,  which  on  exposure  to  the  air  gradually  changes  to 
red.  If  a wine  that  has  been  adulterated  with  Brazil-wood  is 
clarified,  and  then  a skein  of  scoured  silk,  washed  with  dilute 
tartaric  acid,  be  soaked  in  it  for  twenty-four  hours,  and  then 
! withdrawn,  washed,  and  dried  at  60°  to  70°,  the  silk  will  be 
I found  to  be  dyed  lilac-maroon,  or  red.  In  pure  wine,  the  skein 
t I'emains  wine-coloured  or  lilac. 

' If  the  dyed  silk  be  now  dipped  into  dilute  ammonia,  and  ■ 

^ heated  to  100°  for  a moment,  it  becomes  lilac-red,  if  Brazil-wood 
■ was  present ; but  deep  grey,  with  scarcely  a tinge  of  its  original 
coloui’,  if  the  wine  were  pure.  If  the  ammonia  be  replaced  by 
I lime-water,  the  skein  changes  to  ash-grey,  if  Brazil-wood  were 
i present,  but  to  a dark,  dirty  yellowish-red,  if  the  wine  were  ; 

: pure.  Finally,  if  the  skein  be  dipjied  into  aluminium  acetate, 
and  then  heated  to  100°,  it  retains  its  wine-red  lilac  colour.  ' 

This  reaction  differentiates  Brazil-wood  from  logwood. 

I Logwood. — If  the  colour  due  to  logwood  is  in  excess  in  the 

wine,  ammonia  gives  it  a shade  of  violet ; if  the  proportion  of 
logwood  is  small,  the  reactions  B,  L,  IST,  of  Table  A.,  which  are 
very  delicate,  should  be  tried.  | 

Treated  with  a skein  of  silk,  prepared  in  the  manner  described  S 

for  Brazil-wood,  it  dyes  lilac-red,  or  maroon,  which  dilute  | 

ammonia  changes  to  violet-blue  tinged  with  grey,  and  which  by  | 

acetate  of  aluminium  becomes  bluish-violet.  | 

Cochineal. — The  lilac,  or  roseate  tints  due  to  the  reactions 
A,  B,  H,  K,  of  Table  A.,  are  very  sensitive,  the  last  being  very  j 

characteristic  the  only  substance  likely  to  be  confounded  with  j 

it  being  the  phytolacca  (Portugal  berries),  which  is  differentiated 
by  the  reaction  B.  of  the  same  table,  ' 
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A skein  of  scoured  silk,  mordanted  with  aluminium  acetate, 
soaked  in  the  clarified  wine  for  twenty  hours,  is  dyed  of  a wine 
violet  colour,  analogous  to  that  of  pure  wine,  on  being  dried  at 
100°.  The  colour  does  not  change,  even  at  100°,  by  cupric 
acetate  (exclusion  of  fuchsine) ; but  if  the  skein  be  dipped  into  a 
dilute  solution  of  zinc  chloride,  heated  to  100°,  and  then  wetted 
with  sodium  carbonate,  washed  with  water  and  dried,  the 
colour  becomes  fine  purple,  whereas  with  pure  wine  the  tint 
would  remain  sombre  greydilac. 

Cochineal  may  be  discovered  by  the  spectroscope  if  present  in 
large  quantity,  but  if  it  amounts  to  only  about  12  per  cent, 
of  the  total  coloration,  it  cannot  be  so  detected.  It  rapidly 
sepai’ates  from  wines,  being  precipitated  in  the  lees. 

Fuchsine. — This  should  be  sought  for  in  all  wines  found  to  be 
adulterated  with  other  substances.  The  reaction  J of  Table  B. 
is  very  sensitive.  Great  care  must  be  taken  to  avoid  loss  of 
rosaniline  from  imperfect  decomposition  of  its  salts  in  solution; 
moreover,  arsenic  should  always  be  sought  for  where  the  wine 
is  found  to  contain  any  aniline.  Fuchsine  rapidly  separates 
from  the  wines  to  which  it  has  been  added.  A skein  of  silk 
becomes  dyed  rose  by  soaking  in  a wine  adulterated  with  fuchsine, 
and  its  colour  passes  to  yellow'  on  treatment  with  hydrochloric 
acid,  but  to  bright  red  if  the  wine  was  pure.  The  dyed  skein 
treated  with  dilute  cupric  acetate,  and  dried  at  100°,  becomes 
fine  deep  rose-violet  if  fuchsine  is  present,  and  of  a lilac  tinged  ^ 
with  ash-grey  if  the  wine  is  pure.  This  reaction  is  very  | 
sensitive.  . 

Phytolacca. — (Portugal  berries).  The  rose  or  lilac  colorations  ' 
of  the  re-actions  A G,  and  especially  C of  Table  A.,  are  very  I 
sensitive. 

Hollyhock — [Althea  rosea),  much  used.  This  substance  im-  | 
parts  a peculiar  flavour,  which  in  a few  months  becomes  actually  I 
disagreeable,  while  the  colouring  matter  itself  rapidly  precipitates,  j 

Beetroot. — This  is  generally  employed  only  to  mask  other  j 
adulterants.  The  lilac  tint  of  reaction  C of  Table  A,  if  the 
beetroot  is  fresh,  and  tlie  yellowish  colours  due  to  alkalies  I 
(reactions  D E and  F of  Table  A.)  are  very  sensitive,  even 
with  old  decoctions. 

Black  Elder,  Dwarf  Elder. — The  dwarf  elder  imparts  a faintly 
terebinthinate  odour  to  the  wines.  The  berries  of  both  varieties  j 
are  particularly  used  to  communicate  a special  colour  and  flavour  | 
to  port  wine.  The  teinte  de  Fismes,  which  is  largely  used  at 
Fismes,  Paris,  and  elsewhere,  is  made  by  digesting  250  to  500  i 
parts  of  elder-berries,  and  30  to  GO  parts  of  alum,  with  800  to 
600  parts  of  water,  and  then  submitting  the  mixture  to  pressure,  i 


M.  Maumene  reports  having  discovered  as  much  as  4 to  7 grms. 

alum  per  litre  in  wines  adulterated  with  this  substance. 
Sometimes  (though  rarely)  the  alum  is  replaced  by  tartaric  acid. 
Wines  adulterated  with  elder  yield  a violet-blue  lake  (reaction 
H,  Table  A).  By  comparison  with  pure  wine  the  difference  is 
rery  marked. 

A piece  of  flannel,  or  skein  of  silk,  mordanted  with  aluminium 
icetate,  heated  for  some  time  in  the  suspected  wine,  then  washed, 
t ind  immersed  in  water  made  faintly  alkaline  with  ammonia, 

} becomes  green  if  the  wine  is  pure,  but  dark  brown  if  black  elder 
s present.  Probably  the  same  reaction  occurs  with  dwarf  elder. 

Privet. — This  is  very  seldom  used.  The  general  reactions, 
mrticularly  N and  P of  Table  A.,  must  be  relied  on. 

Myrtille  — (Whortleberries).  V ery  seldom  used,  and  only  for 
die  commonest  wines.  The  principal  characteristics  are  given 
-n  L (c).  Table  B.  In  wines  suspected  to  be  adulterated  with 
this  substance,  citric  acid  should  be  sought  for,  its  presence 
leing  one  of  the  best  indications  of  the  adulteration. 

Indigo. — The  reactions  A (h)  and  B (h)  of  Table  B.  are  sa 
sensitive  that  they  are  alone  sufficient  to  characterise  indigo. 
Wool  or  silk  mordanted  with  aluminium  acetate,  heated  with 
20  to  40  cc.  of  the  suspected  wine  nearly  to  dryness,  washed  and 
ffien  dipped  into  very  dilute  ammonia,  becomes  dirty  green  if  the 
vine  be  pure,  but  blue  if  indigo  be  present. 

Indigo  being  often  used  to  mask  the  too  bright  colours  of 
jochineal  and  fuchsine,  they  should  always  be  sought  for  after 
die  removal  of  the  indigo  bv  clarification  with  albumen. 

o 

Indigo  very  rapidly  separates  from  wines,  and  it  may  frequently 
le  found  in  the  lees,  even  when  the  wine  itself  gives  no  indication, 
if  its  presence. 

Substances  other  than  those  mentioned  are  occasionally  em- 
iloyed  for  the  adulteration  of  wines  ; among  them  are  archil 
•esidues,  sulpho-purpuric,  and  sulpho-alizaric  acids,  and  their 
lalts  ; but  these  have  only  recently  been  introduced,  and  are  not 
ret  seriously  employed.  Except  in  such  cases  as  indigo  and 
jochineal,  it  is  only  upon  a series  of  concordant  reactions  that  the 
iresence  of  an  artificial  colouring  matter  should  be  affirmed. 

10.  Mineral  Snhstances,  or  Ash. — The  ash  of  a great  many  wines, 
md  especially  of  sherries,  imporbed  into  this  country,  consists 
learly  entirely  of  sulphates.*  This  is  due  either  to  sulphuring 
)r  plastering.  It  is  sometimes  found  absolutely  necessary  to 
diarge  a wine  slightly  with  sulphurous  acid,  which  in  course  of 
ime  becomes  sulphuric  acid,  and  in  such  a case  the  chlorides  and 

* The  sulphuric  acid  in  sherries  ranges  from  1‘5  to  8 grms.  per  litre  (equal 
0 17'5  to  93 '5  grains  per  bottle  of  4 gallon.  ^ 


200 


A MANUAL  OF  PEACTICAL  CHEMISTRY. 


[§  95. 


cai-bonic  acids  are  diminished  in  the  ash,  the  snlphnric  increased, 
but  the  total  weight  of  tlie  ash  itself  is  not  materially  increased. 
On  the  other  hand,  j^lastering  (by  which  is  meant  the  addition  of 
plaster  of  Paris  to  the  grapes  before  they  are  crushed)  has  the 
effect,  by  its  reaction  in  the  cream  of  tartar,  of  producing  a soluble 
sulphate  of  potassium,  which  may  very  materially  increase  the 
ash  of  the  wine. 

Under  absolutely  normal  conditions,  the  ash  consists  of  car- 
bonate, sulphate,  phosphate,  chloride  of  potassium,  chloride  of 
sodium,  phosphate  and  carbonate  of  calcium,  with  very  small 
quantities  of  magnesia,  iron,  silica,  and  frequently  lithium  and 
manganese. 

The  ash  from  a litre  of  wine  examined  by  Boussingault  con- 
tained— 


Potash, 

Grms. 

0-842 

Lime,  . 

0-092 

Magnesia, 

0-172 

I’hosphoric  Acid,  . 

0-412 

Sulphuric  Acid,  . 

0-096 

Chlorine, 

a trace. 

Carbonic  Acid, 

0-250 

Sand  and  Silica,  . 

0-006 

egard  to  the  analysis 

1-870 

of  the  ash,  &c.,  see  p.  5. 
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V. -BRANDY. 


§ 96.  Brandy,  in  its  present  form  (Cognac),  is  a spirit  derived 
from  the  distillation  of  wine  ; inferior  varieties  are  made  from 
the  refuse  of  grapes,  with  admixture  of  other  materials.*  The 
constituents  of  brandy  are — alcohol,  water,  acetic,  cenanthic  (ethyl 
pelargonate),  butyric,  and  valerianic  ethers,  small  quantities  of 
grape  sugar,  minute  quantities  of  a volatile  oil,  colouring  matter,, 
a trace  of  tannin,  acetic  acid,  and  a little  fixed  acid.  The  specific 
gravity  of  genuine  brandies  varies  from  ‘929  to  -934:;  the  solids 
from  1 to  1'5;  ash,  -04  to  *2  j acidity,  ’01  to  -05  (reckoned  as 
tartaric  acid) ; and  the  sugar  from  0 to  '4  per  cent. 

The  adulterants  to  be  looked  for  are — methyl  and  amylic 
alcohols,  tannin  in  excess,  sulphuric  acid,  lead,  copper,  zinc,  and 
hot  principles,  such  as  cayenne.  The  estimation  of  alcohol  and  the 
examination  of  the  distillate  are  elsewhere  described  (see  p.l29). 
Any  acetic  acid  will  be  found  in  the  distillate,  and  can  be  esti- 
mated by  volumetric  solution  of  soda.  Fixed  free  acids  will! 
remain  in  the  residue,  and  (if  no  free  mineral  acid  is  detected) 
may  be  estimated  volii metrically,  and  returned  as  tartaric  acid 
(I  cc.  of  d.n.  soda  = ‘0075  tartaric  acid). 

If  the  residue  taste  hot  and  pungent,  some  sophistication,  such 
as  capsicum,  must  be  present  j an  attempt  should  be  made  to 
separate  such  hot  substances  in  a comparative  state  of  purity  b}r 
benzole,  ether,  &c. 

If  the  brandy  is  coloured  by  caramel  alone,  on  the  addition  of 
a persalt  of  iron  there  will  be  no  deepening  of  tint ; if,  on  tho 
contrary,  the  colouring  be  derived  from  the  cask,  and  the  brandy' 
contain  tannin,  it  will  deepen  very  decidedly  in  colour. 


5*  The  brandy  made  in  England  is  for  the  most  part  artificial.  A very 
usual  process  is  to  add  to  every  100  parts  of  proof  spirit  from  half-a-pouncf 
K to  a pound  of  argol,  some  bruised  French  plums,  and  a quart  of  good 
! Coguac ; the  mixture  is  then  distilled,  and  a little  acetic  ether,  tannin,. 
I.  and  burnt  sugar  added  afterwards. 

Artificial  Cognac  is  sometimes  made  by  oxidising  palm-oil  by  potassic 
I dichromate  and  sulphuric  acid,  and  then  distilling  it  with  70  per  cent,  of 
alcohol  and  concentrated  sulphuric  acid.  (Enanthic  ether  is  amonw  the. 
1 products.  “ 


202 


A MANUAL  OF  PRACTICAL  CHEMISTRY. 


[§  97,  98. 


Since  it  appears  that  in  some  of  the  receipts  of  the  ti’ade, 
tincture  of  oak  bark  is  used,*  should  the  precipitate  by  a persalt 
of  iron  be  very  evident,  the  amount  of  tannin  must  be  estimated. 

The  direct  addition  of  SH,  to  acidified  spirits  produces 
a sufficiently  perceptible  dark  colour,  should  lead  or  copper  be 
present  in  any  quantity ; for  this  the  reader  is  also  referred  to  ^ 
the  special  tests  (described  in  the  second  part  of  this  work). 
If  zinc  be  sought,  the  spirit  should  be  evaporated  to  dryness 
(adding  first  a little  carbonate  of  soda),  the  residue  burnt,  and 
the  process  completed,  as  described  in  the  ai’ticle  on  Ziiic. 


VI.— RUM. 

§ 97.  Tlie  best  rum  is  distilled  from  fermented  molasses, 
inferior  kinds  from  the  debris  of  the  sugar-cane.  In  France  a 
considerable  amount  of  spirit  is  also  derived  from  the  molasses 
of  the  beetroot-sugar  factories.  The  specific  gravity  of  rum 
varies  from  *874  to  '926;  it  is  usually  a strong  spirit,  genuine 
rum  never  falling  below  50  per  cent,  of  alcohol,  and  often  reach- 
ing as  high  as  70  per  cent.  It  is  always  slightly  acid  (about  ’5 
per  cent.)  The  solid  residue  varies  from  '7  to  1'5  per  cent.  It 
may  contain  sugar ; the  proportion  of  ash  is  very  small,  seldom 
more  than  T per  cent.  The  analysis  is  carried  out  strictly  on 
the  principles  before  described. 


VII. —WHISKY. 

§ 98.  Whishj  is  one  of  the  corn  spirits,  and  is  usually  manu- 
factured from  malted  grain.  The  Scotch  distillers,  for  the  most 
part,  make  it  entirely  from  a malt  mash,  the  Irish  use  malt  and 
raw  grain;  but  in  both  countries  there  are  considerable  differ- 
ences in  its  manufacture.  The  now  whisky,  impregnated  with 
fousel  oil,  is  called  ‘‘pot-still  whisky.”  This  liquor  is  often 
blended  with  so-called  improvers,  “ Hambro  ” sherry,  prime 
wine,  &c.  The  specific  gravity  of  whiskies  is  usually  from  -915 
to  *920;  alcoholic  strength  from  50  to  00  per  cent.;  total  extract 

* Mr.  Griffin  found  a large  quantity  of  tannin  in  a sample  of  brandy.  He 
explains  the  circumstance  by  the  following  receipt  for  the  manufacture  of 
Cognac: — Take  of  acetic  ether  three  quarters  of  a pound,  French  wine  eight 
quarts,  oakbark  tincture  (made  with  a quarter  pound  of  oak  bark  and  half 
a quart  of  spirit)  half  a quart,  purified  spirits  so  much  as  to  bring  the  whole  = 
to  150  quarts  of  54  per  cent  by  Tralles.  —“Chemical  Testing  of  Wines  and 
Spirits.”  By  John  J.  Griffin,  P.C.S.,  London,  1872. 


WHISKY. 
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I imder  1 per  cent. ; it  lias  a minute  quantity  of  volatile  acid  (sel- 
dom, perhaps  never,  so  high  as  ■!  per  cent.),  reckoned  as  acetic, 
and  a trace  of  ash.  If  sugar  is  found,  it  must  have  been  added. 

§ 99.  Adulterations  of  Whishy. — The  chief  adulterant  popu- 
larly supposed  to  be  mixed  with  whisky,  is  potato  spirit,  or  fousel 
oil;  but  besides  this,  methyl  alcohol,  creosote,  fixed  acids,  and, 
: generally  speaking,  the  sophistications  used  for  the  other  spirits, 
i have  either  been  proved,  or  their  presence  suspected,  as  fraudu- 
j lent  additions.  With  regard  to  fousel  oil,  small  quantities  in 
ordinary  whisky  are  incidental  to  its  manufacture,  and  not  an 
adulteration.  The  only  estimations  of  the  exact  quantity  of 
fousel  oil  in  whisky  that  we  have,  are  probably  those  contained 
in  Dr.  Dupre’s  paper  before  quoted.'^  Dr.  Dupre  found  in  a 
sample  of  Scotch  whisky — 


For  100  of  Ethyl ic  Alcohol, 
Cape  Smoke, 

Common  Samshoe, 

Fine  ,, 


0'19  per  cent.  Ani3’^lic. 
0-24 
0-18  • 

013 


5 > 
5) 


Since  these  appear  to  be  the  only  determinations  worthy  of 
my  credit,  it  is  difficult  to  say  what  quantity  of  amylic  alcohol 
lenotes  adulteration,  and  the  question  becomes  a medical  one — 
dz.,  Whether  fousel  oil  is  injurious  or  not;  if  it  is,  how  much  is 
njurious  ? 

§ 100.  Action  of  Fousel  Oil. — That  fousel  oil  is  injurious  (we 
I nay  say,  indeed,  poisonous)  is  evident  enough  from  experi- 
i nents  on  animals  and  men,  e.g.,  Eulenbergf  allowed  30 
;rms.  of  amyl  alcohol  to  evaporate  in  hot  sand  in  a zinc 
i )ox  in  which  a kitten  was  confined.  After  half  the 

[uantity  had  been  put  in,  the  symptoms  immediately 
t iommenced,  and  in  an  hour  the  animal  lay  partly  insen- 
\ ible,  breathing  with  difficulty,  and  shivexing.  There  was, 

3 lowevei-,  no  full  narcosis,  and  it  recovered  in  four  days.  In 
I mother  experiment,  in  which  40  drops  of  amyl  alcohol  had  been 
.dministered  to  a kitten,  after  seventeen  minutes  there  was 
f >alpitation  of  the  heart,  iiTegular  breathing,  and  relaxation  of 
) he  limbs,  and  in  twenty-two  minutes  thei’e  was  full  anjesthesia. 
f ?he  animal  recovei* * * §ed  after  a short  time,  the  heart’s  action 
f emaining  more  frequent  than  usual  until  the  next  day.  CrossJ 
bserved  similar  symptoms  in  pigeons  and  kittens,  in  the  latter 
he  respii’ation  was  stertorous.  Rabuteau§  states  that  1 of  amyl 


* Analyst,  i.,  1876,  p.  6.  + Geivsrbe  Hygiene,  1876,  p.  440. 

+ Cross:  de  I’Alcohol  Amylique  et  Methyl  sur  rOrganisme.  These, 

trasburg,  1863. 

§ Rabuteau  : TJeber  die  Wirking  des  /Ethyl,  Butyl,  uiid  Amyl  Alkohols. 
/‘Union,  Nos.  90,  91,  1870.  Schmidt’s  Jahrb.,  Bd.  149,  p.  233. 
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alcohol  in  500  of  water  causes  amestliesia  in  frogs  in  twenty 
minutes ; the  heart’s  action  becomes  slower,  and  the  skin  dark, 
and  in  about  two  hours  death  occurs,  the  cardiac  pulsations 
cfraduallY  ceasinsr.  Dr.  Furst  of  Berlin  killed  a rabbit  with 
about  7'G  grins.  (2  drachms),  injected  into  the  stomach ; another, 
however,  recovered  from  the  same  dose. 

Action  on  Man. — Men  engaged  in  the  manufacture  of  potato- 
spirit  suffer  from  headache  and  general  nervous  indisposition, 
unless  the  vapours  are  conducted  away  from  them.  An  experi- 
ment by  Cross  on  himself  showed  that  the  vapour  caused  intense 
aching  and  heaviness  of  the  head,  and  other  unpleasant  symptoms. 
It  has  also  been  shown  that  20  cgms.  (3-0  grains)  of  amyl  alcohol 
taken  internally  produce  slight  symptoms,  the  action  being  first 
stimulating,  then  depressing. 

From  the  foregoing  Ave  are  now  in  some  degree  able  to  judge 
what  amount  of  amylic  alcohol  would  pi’obably  have  immediate 
injurious  effects  ; as  to  the  chronic  effects  of  small  doses  nothing 
definite  is  known.  Turning  to  Dr.  Dupr6’s  first  sample  (a 
Scotch  whisky  containing  'lU  of  amylic  to  every  100  of  ethylic 
alcohol,  the  whisky  itself  containing  54-5  per  cent,  of  alcohol),  it 
Avould  appear  that  such  a whisky  has  about  -49  of  amylic  alcohol 
to  the  ounce.  A person  taking  2 ounces  of  such  a liquid 
would  thus  swallow  nearly  a grain  of  amylic  alcohol,  and  if  it 
contained  three  times  the  quantity,  the  active  properties  of  the 
amylic  would  be  added  to  that  of  the  ethylic ; for  it  would 
then  be  equal  to  about  3 grains,  the  loAvest  amount  at  which 
distinct  effects  can  be  obtained.  Anything,  therefore,  like  1^ 
grains  of  amylic  alcohol  per  ounce  (irrespective  of  the  question 
whether  such  a Avhisky  may  be  pronounced  adulterated  or  not), 
may  certainly  be  considered  injurious  to  health.  The  analysis 
of  whisky  is  carried  out  precisely  upon  the  principles  already 
detailed. 

§ 101.  Legal  Case  relative  to  WJdshy. — The  prosecutions  for 
mere  dilution  of  whisky  have  been  rather  frequent,  especially  in 
the  north  of  England;  but  very  iQ\y  convictions  for  other  adul- 
terations appear  to  have  been  obtained.  The  following  case 
presents  sufficient  points  of  interest  to  deserve  quotation  : — 

At  the  Greenock  Police  Court,  W.  D.  was  accused  of  selling  to  two 
Avoinen  four  gills  of  whisky  adulterated  with  li.Kcd  acid  in  a free  state.  . • 

The  analyst  stated  that  the  liquor  contained — 

By  Weight  per  cent. 

34 ‘5  Alcohol  = 74 ’26  Proof  Spirit. 

6 ’42  Fixed  Acid. 

9 '87  Volatile  Acid. 

32-20  Ash. 
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The  adulteration  did  not  materially  increase  the  weight  of  the  whisky,  and 
it  was  not  hurtful,  but  the  liquor  was  of  inferior  quality.  Although  volatile 
acid  was  sometimes  found  in  whisky  from  natural  causes,  it  did  not  occur  in 
60  large  a quantity.  He  was  of  opinion  that  it  had  been  added  in  the 
present  case  in  the  form  of  sherry  wine.  Volatile  acid  had  the  quality  of 
changing  the  tone,  and  giviug  it  a little  flavour.  The  fixed  acid  could  not 
be  present  in  pure  whisky  unless  it  had  been  added.  A penalty  was 
imposed  by  the  court. — San.  Record,  i.,  1874,  442. 


VIII. -GIT^. 

§ 102.  Gin  is  a spirit  flavoured  wuth  various  substances, 
different  receipts  used  in  the  trade  include — 


Juniper  berries. 
Coriander  seeds. 
Orris  root. 
Angelica  root. 


Cardamom  seeds. 
Liquorice  powder. 
Grains  of  Paradise, 
Cassia  buds. 

Calamus  root. 


The 


These  generally  impart  their  essential  oils  to  the  spirit.  A 
few  of  the  more  important  will  be  described  here,  others  are 
mentioned  elsewhere.  (See  Index.) 

§ 103.  Oil  of  Calamus. — The  oil  distilled  from  the  root  of 
the  calamus,  is  somewhat  thick,  yellow,  or  brownish-yellow 
neutral,  specific  gravity  0‘950  to  0’952  \ after  rectification,  0'950  ; 
boiling  point,  196°C.  It  contains  oxygen,  is  but  slowly  changed 
by  sodium,  and  does  not  fulminate  with  iodine.  It  dissolves 
in  all  proportions  in  alcohol  and  bisulphide  of  carbon.  The 
spirituous  solution  of  the  oil  takes  a brown  colour  on  the  addi- 
tion of  a little  chloride  of  iron. 

§ 104.  Oil  of  Cardamoms  is  a pale  yellow  oil,  with  a strong 
smell  of  cardamoms,  of  neutral  reaction,  of  specific  gravity  0‘92 
I to  0‘94.  It  contains  a stearoptene  of  the  formula  C^QlIjg3H20-* 

I § 105.  Angelica  root  contains  a volatile  acid — Angelic  acid — a 
|l  bitter  jjrinciple,  a crystalline  substance — Angelicine — a resinous 
! substance,  an  essential  oil,  and  other  constituents, 
i Angelic  Acid,  CgHg02,  transparent  glittering  prisms  and 

; needles,  melting  at  44°  to  45°C.  into  an  oil,  which  may  be  solidi- 
fied at  0°C.  into  a crystalline  solid.  If  the  heat  be  raised  up  to 
I90°C.  it  boils  and  distils  unchanged;  it  is  inflammable,  burning 

I with  a luminous  flame.  The  acid  reddens  litmus,  and  has  the 
odour  of  the  root.  It  scarcely  dissolves  in  cold  water,  but  is 

I I soluble  in  hot,  in  alcohol,  ether,  turpentine,  and  the  fatty  oils. 

! * Husemann. — Die  Pflanzenstoffe. 

! Dumas  and  Peligot. — Ann.  Chim.  PJnjs.  [2],  Ivii.  334. 
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It  forms  salts  witli  bases,  which  lose  a part  of  the  acid  on  evapo- 
ration. It  precijiitates  lead  and  silver  salts  white ; iron  salts, 
dark  yellow  j and  copper,  bluish.  By  the  aid  of  hydric  iodide 
and  red  phosphorus,  acting  at  180°  to  200°,  angelic  acid  is 
changed  into  valerianic.  Melting  the  acid  with  KHO  decom- 
poses it  into  propionate  and  acetate  of  potash. 

Angelicine  is,  according  to  Bi’unner,  probably  identical  with 
hydrocarotin,  a principle  described  by  Husemann,  found  in  the 
Daucus  carota,  L.,  and  to  Avhich  the  following  formula  is  ascribed, 
Cj^gHsoO.  Hydrocarotin,  or  angelicine,  forms  colourless,  large, 
thin  plates,  without  smell  or  taste,  swimming  in  water,  and  . 
becoming  at  100°  hard  and  brittle.  At  higher  temperatures  - 
(120*5 ) it  melts  without  loss  of  Aveight  to  a yellow  fluid,  Avhich 
solidifies  as  a resinous  mass,  and  cannot  be  again  crystallised. 

It  is  readily  soluble  in  ether,  chloroform,  carbon  bisulphide, 
benzine,  oil  of  turpentine,  and  Avarm  olive  oil.  It  is  not  changed  ; 
in  colour  by  concentrated  hydrochloric  acid ; fuming  nitric 
acid  dissolves  it  with  the  eA^olution  of  gas.  Concentrated  sul- 
phuric acid  dissolves  it  to  a red  fluid,  depositing  broAvnish-white  > 
flakes  on  dilution  with  Avater. 

Angelica  Oil  is  colourless,  and  lighter  thanw*ater;  it  has  a i 
penetrating  odour  and  camphoi’-like  taste,  and  resinifies  on  i 
exposure  to  the  air.* 

§ 106.  Oil  of  Coriander  is  a pale  yellow  oil,  smelling  like  thei 
fruit;  of  specific  gravity  *871  at  14°C.,  and  a portion  distilling | 
over  at  150°C.  The  volatile  part  corresponds  to  the  formula,  i 
i portion  of  a higher  boiling  point  to  ICj^QH^gHgO. 

It  both  portions  are  distilled  Avith  phosphoric  anhydride,  a ^ 
powerfully  odorous  camphor,  C^gH^g,  is  produced.  | 

§ 107.  Oil  of  Junii:>er  is  contained  in  the  unripe  berries  of  the-  t 
common  juniper,  in  the  proportion  of  from  *4  to  *75  per  cent. : 

It  is  colourless,  or  of  a pale  yelloAv,  dissolving  with  turbidity 
in  tAvelve  parts  of  alcohol  of  0*83  per  cent.,  and  miscible  in  all  pro- : 
portions  Avith  ether  and  bisulphide  of  carbon.  Smell  and  taste.  / 
mildly  aromatic.  Specific  gravity  0*8G2  to  0*874,  but  the  poorer*  , 

* Bihliograpliy. 

Alschee.— Act*,  d.  deutscJi.  Cliem.  Oes.,  1869,  685. 

Brunner,  Carl.— A.  A’e;).  Pharm.,  xxiv.  641-665. 

Buchner,  A. — Repert.  Pharm.,  Ixxvj.  J 

Chtozz.\. — Ann.  (Jhim.  Phys.  [.3],  xxxix.  435. 

Husemann. — Die  Pflanzenstoffe.  Berlin,  1871. 

Jaffe. — Ann.  Chcm.  Pharm.,  cxxxv.  291. 

Mayer  and  Zenner. — Ann.  Chem.  Pharm.,  Iaa  317. 

IIeinscii. — Jahrh.  Pharm.,  Aui.  79. 

4 Husemann.— Die  Pflanzenstoffe.  Berlin,  1871. 

K.wvalier. — Journ.  Pract.  Chem.,  Iviii.  226. 
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commercial  samples  often  have  a specific  gravity  of  0‘860.  The 
perfectly  colourless  oil  does  not  fulminate  with  iodine,  but  the 
commoner  kinds  explode  powerfully.*  If  5 to  6 drops  of  the  oil 
be  placed  in  a test  tube,  and  five  times  its  bulk  of  sulphuric  acid 
be  added,  much  heat  is  developed  with  the  evolution  of  vapour, 
and  the  fluid  becomes  dark  yellow-red  and  turbid ; on  now 
diluting  with  10  cc.  of  90  per  cent,  alcohol,  the  colour  changes 
to  a somewhat  dirty  rose  tint.  The  pure  oil  boils  between 
140°  and  150° ; it  polarises  to  the  left.  On  exposure  to  the  air, 
oxygen  is  absorbed ; and  on  long  standing,  cblourless  tables  of 
juniper  camphor  are  separated.  This  camphor  melts  and  sublimes 
without  decomposition,  is  easily  soluble  in  ether  and  alcohol, 
and  may  be  obtained  in  feathery  crystals. 

The  action  of  warm  water  in  juniper  oil,  if  kept  up  for  some 
considerable  time,  results  in  the  formation  of  a crystalline 
hydrate.  Oil  of  juniper  is  officinal  in  all  the  Continental 
pharmacopeias,  as  well  as  our  own.  In  such  large  doses  as  15  to 
30  grms.,  it  is  fatal  to  kittens,  apparently  acting  in  the  same  way 
as  turpentine.! 

§ 108.  Analysis  of  Gin. — The  analyst  should  find  in  good  gin  at 
least  80  per  cent,  of  proof  spirit,  and  a variable  amount  of  sugar 
and  flavouring  matters,  seldom  much  over  5 or  6 per  cent.  Sul- 
phuric acid,  sulphate  of  zinc,  alum,  and  lead  should  always  be 
looked  for.  Many  writers  seem  to  imagine  that  grains  of  para- 
dise is  an  adulterant.  It  is,  however,  merely  a pepper,  and 
much  nonsense  has  been  talked  about  it.  It  is  very  doubtful 
whether  any  just  conviction  would  be  obtained  for  the  addition 
of  any  harmless  flavouring  to  the  spirit  • nearly  all  prosecutions 
hitherto  have  been  for  dilution,  and  for  dilution  only.  It  appears 
that  no  genuine  gin;};  is  sold  to  the  retailer  22  under  proof,  and 

* It  is  said  that  the  oil  from  the  unripe  fruit  explodes,  that  from  the 
fully  ripe  berries  losing  this  property. 
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J In  an  appeal  case,  before  Baron  Cleasby  and  Mr.  Justice  Grove  {Fashler 
y.  Stevenilt),  the  analyst  proved  that  the  gin  was  44  degrees  below  proof.  The 
judges  affirmed  the  conviction.  Baron  Cleasby  thought  the  conviction  was 
right.  When  the  respondent  asked  for  gin,  he  meant  such  gin  as  is  ordir  arily 
sold ; and  to  sell  him  such  gin  as  that  in  question  was  to  sell,  to  the  prejudice  of 
the  purchaser,  gin  which  was  not  of  the  quality  demanded.  The  amount  of 
water  proved  to  have  been  discovered  with  the  gin,  afforded  evidence  that  it 
had  been  added  for  the  purpose  of  fraudulently  increasing  its  measure.  Mr 
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anything  below  tliis  may  be  returned  by  the  analyst  as  adnl- 
terated. 

The  alcohol  should  be  determined  by  distillation,  as  before 
described  (p.  129),  and  the  percentage  in  the  distillate  estimated 
by  specific  gravity,  and,  if  necessary,  in  other  ways.  Neither 
methyl  alcohol  nor  fousel  oil  a]ipears  to  have  been  found  in  gin. 

The  residue  after  the  distillation  may  be  treated  with  petro- 
leum ether,  benzine,  &c.,  as  in  Dragendorff’s  process  for  the  testing 
of  beers.  The  essential  oils  will  be  taken  up  by  the  petroleum 
ether,  and  may  be  identified  by  their  odour  and  taste,  and  (if 
enough  is  obtained)  by  tlieir  physical  properties.  Sulphuric 
acid,  if  in  a free  state,  may  be  separated  by  quinine,  as  recom- 
mended under  article  Vinegar.  The  detection  of  alum,  lead,  and 
.zinc  is  elsewhere  described. 

Justice  Grove  concurred  ; in  his  opinion,  when  it  was  proved  that  the  gin 
contained  so  much  more  water  than  gin  as  ordinarily  sold,  the  onus  was 
thrown  on  the  seller  of  proving  that  he  was  not  aware  of  the  state  in  which 
it  was. 


PART  YI. 


VINEGAR. 

§ 109.  Constituents  of  Commercial  Vinegar. — Commercial  vinegar 
is  a more  or  less  impure  acetic  acid,  containing  usually  acetic  acid, 
acetic  ether,  alcohol,  sugar,  gum,  extractive  matter,  alkaline 
acetates  and  tartrates,  a variable  amount  of  salts  (depending 
on  the  substances  from  which  it  has  been  produced),  and 
legally  not  more  than  one-thousandth  of  its  weight  of  pure 
sulphuric  acid. 

§ 110.  Vcbrieties  of  Vinegar. — The  chief  varieties  of  vinegar  are 
as  follows : — 

(1.)  Malt-Vinegar. — The  great  majority  of  commercial  vinegar 
in  this  country  is  derived  from  the  acetous  fermentation  of  a 
wort,  made  from  mixtures  of  malt  and  barley.  Malt-vinegar  is 
of  a decided  brown  colour,  in  specific  gravity  varying  from  T017 
to  T019  ; it  is  of  various  degrees  of  strength,  the  manufacturers 
distinguishing  different  kinds  as  No.  18,  20,  22,  and  24  respec- 
tively, the  last  being  the  strongest,  and  containing  about  4’6  per 
cent,  of  acetic  acid.  That  made  by  one  of  the  largest  firms  in 
this  country  will  be  found  to  contain  from  T to  T6  per  cent,  of 
combined  sulphuric  acid,  and  from  '04  to  '08  per  cent,  of  chlorine, 
as  chlorides. 

(2.)  Wine-Vinegar  is  the  chief  vinegar  in  Continental  commerce. 
It  is  prepared  from  grape-juice  and  inferior  new  wines ; that  made 
from  white  wine  is  most  esteemed.  The  wine-vinegars  vary  in 
colour  from  pale  yellow  to  redj  they  have  nearly  always  an 
dcoholic  odour ; specific  gravity  from  T014  to  1-022.  A litre  of 
Orleans  vinegar  (according  to  Chevallier’s’^  recent  analyses  of 

* Journ.  cVTIyg.,  1877,  No.  45. 
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actual  samples)  saturates  from  G to  7 grms.  of  dry  carbonate  of 
soda.  The  extract  from  pure  wine-vinegar  varies  from  1‘7  to  2-T 
per  cent.,  the  average  being  2-05  per  cent.,  and  usually  contains 
"25  grm.  of  tartrate  of  potash. 

Vinegars  of  limited  use  are — Glucose-vinegar,  recognised  chiefly 
by  the  presence  of  dextrine,  which  may  be  precipitated  by 
alcohol ; heer-vinegar,  from  sour  ale;  cider-vinegar,  made  both  from 
apples  and  pears  ; crab-vinegar,  made  from  the  crab  apple,  and 
used  nearly  all  over  Wales  and  Monmouthshire;  and  various 
artificial  vinecrars. 

o 

§ 111.  Ad  idler  aiions. — The  adulterations  of  vinegar  are — 

(V.)  Water. 

(2.)  Mineral  acids,  especially  sulphuric,  more  rarely  hydro- 
chloric, and  still  more  rarely  nitric  acids. 

(3.)  Metallic  adulterations,  or  rather  impurities ; such  as 
arsenic,*  derived  from  sulphuric  acid,  copper,t  lead,  zinc,  and 
tin,  from  the  solvent  action  of  the  acid  on  any  metallic  surfaces 
with  which  it  may  have  come  in  contact. 

(4.)  Pyroligneous  acid. 

(5.)  Various  organic  substances,  such  as  colouring  agents,  and 
capsicum. 


§ 112.  Analysis  of  Vinegar. 

(1.)  Water. — Vinegar  should  contain  at  least  3 per  cent,  of 
acetic  acid,  and  if  it  does  not  do  so,  it  may  be  safely  returned  as 
adulterated  with  water;  for  it  then  is  so  dilute  as  certainly  not 
to  be  of  the  nature  and  quality  of  the  substance  usually  sold  as 
vinegar.  The  strength  of  vinegar  may  be  accurately  estimated 
by  distilling  110  cc.,  until  100  cc.  have  been  drawn  over,  that  is, 
ten-elevenths.  The  100  cc.  will  contain  80  per  cent,  of  the  whole 
acetic  acid  present  in  the  110  cc.,  and  may  be  titrated;  or  the 
specific  gravity  of  the  distillate  may  be  taken,  and  the  strength 
found  from  the  following  table  ; — ■ 

* “ The  observation  of  M.  Deschamps  induced  us  to  analyse  a vinegar  ■ 
sold  by  a certain  Sieur  C.  . . , The  presence  of  arsenic  in  this  vinegar  ' 

was  ascertained,  and  the  Sieur  C.  was  compelled  to  confess  that  the  vinegar 
had  been  mixed  witli  wood-vinegar.  On  resorting  to  the  person  who  fur- 
nished the  latter  product,  the  whole  of  the  wood- vinegar  in  his  ])ossession  ' 
was  found  arsenical,  and  seized,  in  order  to  be  employed  only  for  industrial* 
use.” — Le  Vinaigre,  Chevallier,  Journ.  d'Hyg.,  No.  4(5,  June,  1877. 

t Seven  out  of  twelve  samples  of  vinegar  sold  in  Paris,  and  analysed  by 
Alfred  Riche,  contained  copper  varying  from  5 to  15  ingms.  per  litre,  Journ.' 
Pharm.  Chim.  [4],  xxvj.,  23-28. 
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Per  cent. 
1 

Specific  Gravity 
1 001 

2 

1-002 

3 

1-004 

4 

1-005 

5 

1-007 

6 

1-008 

7 

1-010 

8 

1-012 

9 

1.013 

10 

1-015 

11 

1-016 

12 

1-017 

13 

1-018 

14 

1-020 

15 

1-022 

16 

1-023 

17 

1-024 

18 

1-025 

19 

1-026 

20 

1-027 

It  will  be  necessary  to  test  the  distillate  for  the  presence  of 
hydrochloric  acid,  and  also  to  take  the  acidity  of  the  vinegar 
without  distillation,  so  as  to  control  the  results. 

The  titration  of  vinegar  may  be  made  with  ordinary  soda 
solution,  and  approximate  results  obtained.^  If  absolutely 
accurate  determinations  are  required,  it  is  best  to  add  an  excess 
of  carefully  weighed  pure  carbonate  of  lime  to  a known  weight 
of  the  vinegar;  the  liquid  is  boiled,  filtered,  and  the  residual 
carbonate  of  lime  filtered  off,  dissolved  in  slight  excess  of  normal 
hydrochloi’ic  acid,  and  titrated  back  with  caustic  soda  and 
cochineal  solution.  From  the  amount  of  carbonate  thus  found 
to  have  been  unacted  on  by  the  vinegar,  the  total  acidity  is 
calculated. 

(2.)  Mineral  Acids. — A great  many  commercial  vinegars  con- 
tain no  trace  of  free  mineral  acid ; and  it  has  been  amply  shown 
that  although  one-thousandth  of  free  sulphuric  acid  is  allowed  by 
law,  such  addition  is  not  by  any  means  necessary  for  the  preser- 
vation of  the  vinegar.  The  mineral  acid,  if  present,  is  nearly 
always  sulphuric,  occasionally  hydrochloric,  and  still  more  rarely 
nitric  acid. 

Hydrochloric  Acid  is  detected  by  the  distillation  already 
described,  and  the  testing  of  the  distillate  with  nitrate  of  silver. 

Nitric  Acid  may  (in  the  absence  of  other  reducing  agents)  be 
detected  by  the  rapid  decoloration  of  a solution  of  Indigo  carmine 
added  to  the  boiling  vinegar. 


* The  results  are  only  approximate,  because  sodic  acetate  has  itself  a feeble 
alkaline  reaction. 
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Sulphuric  Acid  cannot  be  detected  by  tbe  usual  cbloride  of 
barium  test,  for  it  fails  to  distinguish  between  free  and  combined 
Bulphuric  acid.  The  charring  effect  of  the  acid  on  paper,  on 
sugar,  or  its  action  on  starch  (formerly  taken  as  the  basis  of  the 
older  tests),  is  now  replaced  by  more  scientific  methods,  and  need 
not  be  described  here. 

One  of  the  most  speedy  tests  for  the  presence  of  mineral  acids 
is  that  proposed  by  A.  Hilger*  ; — Two  or  three  drops  of  a solu- 
tion of  methyl  aniline  violet  (-01  : 100)  are  added  to  25  cc.  of 
vinegar  ; if  pure,  no  colour  is  produced ; but  if  '2  per  cent,  of  any 
mineral  acid  is  present,  the  colour  is  blue;  or  if  -5  per  cent.,  blue- 
green  ; and  if  1 per  cent.,  green. 

Another  useful  test  is  that  of  M.  Strohljf  it  is  based  on  the 
well-known  fact,  that  oxalate  of  lime  is  insoluble  in  acetic,  but 
soluble  in  mineral  acids.  J The  solutions  requisite  are — a solu- 
tion of  calcic  chloride  (15T  grms.  to  the  litre)  and  a solution  of 
crystallised  ammonic  oxalate  (28-4  grms.  to  the  litre) ; cc.  of 
each  of  these  liquids  is  added  to  50  cc.  of  the  vinegar  under 
examination,  and  if  the  turbidity  which  is  at  first  produced  does 
not  disappear,  the  liquid  contains  less  than — 

1*70  grm.  per  cent,  sulphuric  acid  (specific  gravity  1-843)  per  litre. 
2-85  „ hydrochloric  acid  ( „ „ 1-174)  „ 

4-40  „ nitric  acid  ( „ „ 1-174)  „ 

The  test,  without  claim  to  great  accuracy,  is  extremely  use- 
ful; for  if  any  suspicious  indication  be  observed,  the  vinegar 
may  be  then  submitted  to  a more  elaborate  examination  for 
free  acids. 

As  speedy  as  any  of  the  foregoing,  and  at  once  more  scientific 
and  accurate,  is  the  process  introduced  by  Mr.  Hehner.  Its 
principle  is  based  upon  the  fact  that  vinegar  always  contains 
potash  and  soda  salts  of  the  organic  acid ; hence,  it  is  obvious 
that  sulphuric  or  hydrochloric  acids,  if  added  in  small  quantity, 
merely  decompose  an  equivalent  quantity  of  acetate  or  tartrate, 
as  the  case  may  be,  and  as  free  acids  immediately  disappear ; but  if 
added  in  excess  of  the  amount  of  acetates  and  tartrates,  the  excess 
remains  as  free  acid.  It  thus  follows,  that  if  any  undecomposed 
acetate  or  tartrate  exists  in  the  vinegar,  it  is  impossible  for  a 
free  mineral  acid  to  be  present ; and  since  the  acetates  and  tar- 
trates are  decomposed  by  ignition  into  carbonates,  the  readiest 
way  to  ascertain  their  existence  is  to  examine  the  ash  of  the 

* Archiv.  der  Pharmacie,  1876,  193. 

-|-  Ai'ch.  Pharm.  [5],  4,  342-346. 

J Ibid. 
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vinegar  for  carbonates.  If  that  asli  is  neutral,  free  mineral  acid 
is  probably  present  3 if  alkaline,  ho  free  acid  can  be  present, 
although,  of  course,  a small  quantity  may  originally  have  been 
added. 

The  qualitative  test  devised  by  Mr.  Hehner  is  also  made 
quantitative.  If  an  accurately-estimated  volume  of  d.  n.  soda 
solution  is  added  to  a known  quantity  of  the  vinegar,  so  as  to 
neutralise  slightly  in  excess  the  total  amount  of  free  mineral  acid 
present,  on  ignition  the  alkalinity  of  the  ash  gives  the  measure 
of  the  quantity  of  free  sulphuric  or  hydrochloric  acid.  The  exact 
details  of  this  operation,  as  practised  by  Mr.  Hehner,  are  as 
follows : — 50  cc.  of  the  vinegar  are  mixed  with  25  cc.  of  d.  n. 
soda  3 the  liquid  is  evaporated  on  the  water-bath  in  a platinum 
basin,  the  residue  dried  at  about  110°C.,  and  carefully  incinerated 
at  the  lowest  possible  temperature — the  ash  need  not  be  burned 
white.  25  cc.  of  a d.  n.  sulphuric  acid  solution  are  now  added  to 
the  ash,  the  liquid  heated  to  expel  free  COg,  and  filtered.  The 
filter  is  washed  with  hot  water,  litmus  added,*  and  the  acidity 
ascertained  by  d.  n.  soda.  The  volume  of  soda  necessary  for 
neutralisation  directly  gives  the  proportion  of  free  mineral  acid 
present  in  the  vinegar,  100  cc.  of  d.  n.  corresponding  to  ‘49  grm. 
of  HgSO^.  If  the  amount  of  alkali  originally  added  should  have 
been  insufficient,  it  is  necessary  to  recommence  the  experiment. 
For  this  reason  Messrs.  Allen  and  Bodmer  made  some  experiments, 
in  which  the  preceding  manipulation  was  modified  by  neutralis- 
ing the  vnhole  of  the  acid,  organic  and  inorganic,  by  soda  solution. 
The  results  Avere  satisfactory,  but  great  care  must  be  taken  to 
titrate  accurately. 

Another  very  satisfactory  way  of  separating  and  identifying 
the  free  mineral  acids  in  vinegar  is  the  following  : — Saturate  a 
known  quantity  with  quinine,  evaporate  to  dryness,  take  up  the 
quinine  salts  with  spirit,  recover  the  spirit  by  distillation,  dis- 
solve the  quinine  salt  in  water,  and  precipitate  by  ammonia. 
The  aqueous  liquid  will  now  contain  the  acetate  of  ammonia, 
together  with  the  sulphate  chloride  or  nitrate  3 if  any  one,  or  all 
three,  of  the  free  acids  were  present,  the  acids  may  be  determined 
in  the  usual  way. 

A method  of  separating  free  sulphuric  acid  from  sulphates  is 
to  evaporate  the  vinegar  to  a syrup,  precipitate  the  sulphates  by 
alcohol,  filter,  wash  the  precipitated  salts  with  alcohol,  and 
ill  determine  the  free  sulphiiric  acid  in  the  alcoholic  solution. 

Provided  sufficient  alcohol  be  added,  the  separation  of  free  from 
uij]  combined  sulphuric  acid  is  exact. 

«(.  * Instead  of  litmus,  cochineal  may  be  used ; the  latter  is  unaffected  by 

fail  CO2,  and  therefore  preferable. 
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Another  method,  the  principle  of  which  was  proposed  by  Mr. 
Thresh,  and  which  has  been  improved  upon  by  Mr.  W.  C.  Young, 
is,  to  add  to  a known  measure  of  vinegar  an  excess  of  BaClg;  the 
chlorine  in  a portion  of  the  liquid  is  now  determined  with  great 
care,  the  rest  is  evaporated,  ignited,  and  the  chlorine  of  the  ash 
determined.  The  difference  represents  the  free  mineral  acid  in 
terms  of  chlorine.  The  presence  of  free  tartaric  or  citric  acids 
quite  invalidates  the  accuracy  of  the  process,  but,  with  these 
exceptions,  it  is  generally  applicable. 

(3.)  Metallic  Adulterations. — Metals  in  vinegar  are  detected  by 
saturating  the  liquid  with  hydric  sulphide,  or  by  specially  testing 
for  arsenic,  copper,  zinc,  tin,  and  lead,  by  the  methods  detailed 
in  the  second  part  of  this  work.  Metals  of  the  first  group  may, 
however,  be  presumed  absent,  if  there  is  no  deepening  of  colour 
on  satui-ation  with  hydric  sulphide  ; arsenic,  if  Keinsch’s  test 
gives  negative  results ; and  zinc,  if  the  nearly  neutralised  vinegar 
gives  no  precipitate  with  hydric  sulphide. 

(4.)  Pyroligneous  Acid. — The  addition  of  pyroligneous  acid  to 
vinegar  is  said  to  be  revealed  by  the  presence  of  an  excess  of 
sulphate  and  acetate  of  soda. 

(5.)  Organic  Adulterations. — The  other  organic  adulterations — 
such  as  capsicum — must  be  looked  for  in  the  exteact ; Chevallier 
has  found  fuchsine  in  F rench  vinegars.  Methods  for  the  detection 
of  this  in  wine,  given  at  pp.  191  and  198,  are  also  applicable  to 
vinegar. 
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I.— MUSTAED. 

§ 113.  Mustard  is  made  from  the  seeds,  finely  ground,  of  the 
Sinapis  nigra,  or  black  mustard,  or  from  those  of  the  Sinapis 
alba,  or  white  mustard,  or  again,  from  a mixture  of  both  varieties. 
The  manufacturer  reduces  the  seeds  to  powder,  and  passes  the 
product  through  a series  of  sieves.  The  portion  in  the  first 
sieve  is  called  the  dressings,  that  which  passes  through  is  an 
impure  mustard  flour.  The  impure  flour,  on  being  passed 
through  a second  sieve,  yields  the  pure  flour  of  mustai’d  and  a 
second  quantity  of  dressings.  The  dressings  are  utilised,  by 
being  submitted  to  pressure,  for  the  sake  of  the  fixed  oil  they 
•contain. 

§ 114.  Microscopical  Structure  of  the  Seed. — The  white  mustard 
seed  is  made  up  of  the  husk  and  the  seed  proper.  The  seed 
proper  is  simple  in  structure,  consisting  entirely  of  minute  oil- 
bearing cells;  their  size  averages  '00041  inch  in  the  finely 
powdered  seed;  and  they  look  extremely  like  starch  corpuscles, 
but  neither  polarise  light  nor  strike  a blue  colour  with  iodine. 

The  husk  is  more  complex,  and  consists  of  three  membranes : — 

1.  An  outer  membrane,  composed  of  two  kinds  of  large  trans- 
parent cells,  which  are  described  by  Dr.  Hassall  thus: — Those 
•of  the  first  kind  are  of  an  hexagonal  figure,  and  united  by  their 
edges  so  as  to  form  a distinct  membrane,  the  centre  of  each  cell 
being  perforated ; the  cells  of  the  second  kind  occupy  the  aper- 
tures which  exist  in  the  previously^described  cells,  and  they  are 
themselves  traversed  by  a somewhat  funnel-shaped  tube,  which 
appears  to  terminate  on  the  surface  of  the  seed.  Immersed  in 
water,  these  cells  swell  up  to  several  times  their  original  volume, 
occasion  the  rupture  of  the  hexagonal  cells,  and  become  them- 
selves much  wrinkled  or  corrugated,  the  extremity  of  the  tubes 
in  some  cases  being  seen  protruding  from  the  proximate  termi- 
nation of  the  cells.  It  is  possible,  liowevei-,  that  what  are  here 
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described  as  two  different  kinds  of  cells  really  form  distinct  parts 
of  tlie  same  cells.  It  is  from  these  cells  that  the  thick  mucilage 
obtained  by  digesting  mustard  seeds  in  -water  is  derived. 

2.  The  second  layer,  or  middle  tissue,  consists  of  very  minute, 
angular,  coloured  cells. 

3.  The  inner  or  third  layer  of  the  husk  consists  of  a single 
layer  of  angular  cells. 

The  black  mustard  in  its  structural  composition  differs  from 
the  white  only  in  not  containing  the  large  perforated  cells  of  the 
husk,  the  outer  membranes  consisting  of  tAvo  or  three  layers  of 
large,  transparent,  hexagonal  cells,  the  other  structures  being 
similar  to  those  already  described. 

§115.  The  Chemistry  of  Mustard  is  extremely  interesting; 
both  seeds,  white  and  black,  contain  a fixed  oil  (from  about  36 
per  cent.),  and  a sulphocyanate  of  sinapin  and  myrosin.  Black 
mustard  seeds  contain,  in  addition  to  the  foregoing,  myronate  of 
potash  (about  to  ‘6  per  cent.)  When  the  powdered  black 
mustarcl  seeds  (or  the  mixed  black  and  Avhite)  are  moistened 
with  Avater,  the  myronate  of  potash  acts  upon  the  myrosin,  and 
produces  the  volatile  oil  of  mustard.  White  mustard  seeds,  on  the 
other  hand,  contain  also  a suljihur  principle,  sinalbin,  not  found 
in  black. 

§116.  Sinapin,  O^.  • — Sinapin  exists  as  a sulpho- 

cyanate, both  in  black  and  Avhite  mustard  seeds,  as  Avell  as  in  the 
seeds  of  Turritis  glabra,  L.  It  Avas  first  prepared  by  Henry  and 
Garot  in  1825.  The  best  process  for  extraction  of  the  sulpho- 
cyanate on  a small  scale  is  (according  to  Yon  Babo)  to  exhaust 
the  oil  from  the  seeds  by  ether,  then  to  treat  Avith  cold  absolute 
alcohol,  Avhich  only  takes  up  a little  of  the  sulphur  compound, 
and  lastly,  to  dissolve  the  sulj>hocyanate  of  sulphur  out  Avith 
alcohol  of  90  per  cent.  The  excess  of  alcohol  is  then  separated 
by  distillation,  and  the  substance  crystallises  out,  yielding  about 
IT  per  cent. 

Sinapin  itself  cannot  be  obtained  pure,  but  a Avatery  solution 
may  readily  be  prepared  by  decomposing  a solution  of  the 
bisulphate  with  a proper  cj[uantity  of  baryta.  After  filtering 
aAvay  the  sulphate  of  baryta,  the  filtrate  is  of  a yelloAv  colour 
and  intensely  alkaline  reaction ; it  precipitates  many  metals  from 
their  solution,  but  on  evaporation  its  colour  changes  through 
green  and  red  into  brown,  and  at  last  it  leaves  behind  an 
imcrystallisable  brown  residue.  On  boiling  a solution  of  sinapin 
with  the  alkalies  or  alkaline  earths,  the  sinapin  splits  up  into 
sinkalin  and  sinapric  acid. 
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aud  similar  treatment  of  the  sulpliocyanate  of  sinapin  produces 
the  same  decomposition.  To  sulpliocyanate  of  sinapin  is  ascribed 
the  formula,  C^^gH^gNOgCNHS.  It  forms  colourless,  transparent, 
truncated  prisms,  in  warty  or  starlike  groups,  without  odour, 
but  of  a bitter  taste,  of  neutral  reaction,  melting  at  130°C.  to  a 
yellow  fluid,  solidifying  again  in  an  amorphous  mass.  Sulpho- 
cyanate  is  readily  soluble  in  water;  but  ether,  turpentine,  and 
bisulphide  of  carbon  do  not  dissolve  it.  If  to  a hot  solution  in 
alcohol,  concentrated  sulphuric  acid  be  added,  bisulphate  of 
sinapin,  CjgHggNOg,  SH2O4  + 2OH2,  separates  on  cooling  in 
rectangular  plates.  From  this  salt  the  neutral  sulphate  may  be 
obtained  by  solution  in  water,  and  precipitating  half  the  sul- 
phuric acid  by  baryta. 

§ 117.  Sinalbin,  030114417282040,  a substance  which  exists  only 
in  white  mustard,  and  may  be  supposed  to  take  the  place  of 
myronate  of  jmtash.  It  splits  uj)  into  sugar,  bisulphate  of  sinapin, 
and  sulphocyanide  of  acrinyl,  CgHyI780.  The  last,  on  treat- 
ment with  alkalies,  yields  ammonia  and  the  salt  of  an  acid 
melting  at  136'^C.,  to  which  the  formula  CgHgO^  is  ascribed. 

§ 118.  Myrosin,  a siibstance  analagous  to  emulsin,  has  not 
yet  been  obtained  albumen-  or  lime-free ; its  solution  froths  on 
being  shaken ; it  is  coagulated  by  warming  to  60°C.,  as  well  as 
by  acids  and  alcohol. 

§ 119.  Myronate  of  Potash  (C4oIT4gK]SrS204o)  crystallises  out  of 
spirit,  in  needles  ; out  of  water,  in  rhombic  prisms.  It  is  desti- 
tute of  water  of  crystallisation,  is  of  neutral  reaction,  and  has 
no  odour,  but  is  of  a bitter  taste.  It  is  easily  soluble  in  water, 
with  difficulty  in  diluted  spirit,  and  scarcely  at  all  in  absolute 
alcohol,  whilst  it  is  quite  insoluble  in  ether,  chloroform,  and 
benzole.  If  the  concentrated  aqueous  solution  of  the  salt  be 
digested  with  tartaric  acid  and  absolute  alcohol,  the  tartrate  of 
potash  separated,  and  the  filtered  fluid  evaporated  with  carbonate 
of  baryta,  the  filtrate  from  the  latter  will  yield  easily  soluble 
crystals  of  myronate  of  baryta  (C4QH4gBaNS204Q),  which  soon 
become  opaque  on  exposure  to  the  air;  if  heated,  it  develops 
ethereal  oil  of  mustard,  leaving  behind  sulphate  of  baryta.  A 
solution  of  myronate  of  potash  gives  with  zinc  and  hydrochloric 
acid  sulphuretted  hydrogen,  and  then  contains  a salt  of  ammonia, 
sugar,  and^  half  of  the  sulphur  as  sulphuric  acid.  Boiling  hydro- 
chloric acid  decomposes  similarly.  Concentrated  potash -lye 
digested  on  the  dry  salt,  and  heated,  develops  volatile  oil  of 
mustard,  cyanide  of  allyl,  and  ammonia.  If  to  a watery  solution 
of  myronate  of  potash,  myrosin  is  added,  volatile  oil  of  mustard 
sugar,  and  bisulphate  of  potash  are  formed  ; thus  ^ 

^10^18^  = C4HgNS  + CgHjoOg  + SHKO4, 
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the  same  reaction  takes  place  if  the  freshly-prepared  watery 
extract  of  the  white  or  black  mustard  seeds  be  added. 

§ 1 20.  The  Fixed  Oil  of  both  Black  and  White  Mustard  ajypears  to 
he  identical. — It  is  a yellow,  non-drying  oil  of  0’915  to  0'920 
specific  gravity  at  15°C.,  solidifying  from  —12°  to  - 16°C.,  and 
of  a mild  taste.  It  contains  the  glycerides  of  erucic  acid,  of 
stearic  acid,  and  of  oleic  acid,  which  last  Darby  considers  different 
from  ordinary  oleic  acid. 

Erucic  Acid,  C22H42O2’  discovered  by  Darby  in  the  fatty 
oil  of  the  seeds  of  the  white  and  black  mustard  in  1849,  and  the 
same  acid  has  also  been  found  in  rape  oil.  It  is  easily  obtained 
by  saponifying  the  oil  with  litharge,  treating  the  soap  with 
ether,  which  dissolves  out  the  erucate  of  lead,  and  decomposing 
the  salt  with  hydrochloric  acid.  The  erucic  acid  in  solution  is 
filtered  from  the  chloride  of  lead,  the  filtrate  evaporated  in  the 
water-bath,  and  the  residue  recrystallised  from  ether.  Erucic  acid 
forms  slender,  long,  white,  glittering  needles,  without  odour  or 
taste,  melting  at  from  33°  to  34°,  and  coagulating  again  at  33°C.; 
it  is  insoluble  in  water,  but  dissolves  easily  in  alcoliol  and  ether. 
The  acid,  exposed  to  the  air,  gradually  becomes  coloured  and 
rancid.  If  to  water  saturated  with  erucic  acid  bromine  be  added 
gradually,  a crystalline  compound  can  be  obtained,  0921142^202, 
which  crystallises  out  of  alcohol  in  small,  white,  warty  masses, 
melting  at  42°  to  43°.  Again,  if  the  solution  be  decomposed 
with  hydrochloric  acid  and  sodium  amalgam,  it  can  again  be 
changed  back  to  erucic  acid.  Erucic  acid  forms  definite  salts,  of 
the  formula  02211^11^02. 

§ 121.  The  Volatile  Oil  of  Mustard,  O^HgNS,  is  mixed  with 
cyanide  of  allyl,  which  may  be  separated  by  fractional  distilla- 
tion. Ordinaiy  distillation  of  black  mustard  seeds  yields  it  in 
the  proportion  of  0-5  to  0*7  per  cent.  It  is  colourless  or  slightly 
yellow;  has  a boiling  point  of  148°0.,  and  specific  gravity  1009 
to  1010;  is  somewhat  soluble  in  water,  dissolving  easily  in 
alcohol,  ether,  and  petroleum  ether.  According  to  Hager 
{Pharm.  Centralh.,  x.  65),  the  commercial  oil  is  much  adulterated; 
he  enumerates  as  fraudulent  additions,  alcohol,  bisulphide  of 
carbon,  oil  of  gilliflowers,  and  castor  oil.  The  volatile  oil  of 
mustard  prevents  tlie  coagulation  of  serum  albumen,  as  well  as 
alcoholic  fermentation.  According  to  Mitscherlich,  this  is  the 
most  deadly  of  all  the  ethereal  oils,  4 grms.  killing  a kitten  in 
two  hours,  15  gi’ms.  in  a quarter  of  an  hour.  The  post-mortem 
appearances  were  those  of  acute  gastroenteritis,  and  the  smell  of 
the  oil  pervaded  the  blood,  urine,  and  lungs.  It  has  been  used 
in  medicine,  chiefly  externally,  for  its  powerful  rubefacient  pro- 
perties, blistering  the  skin  when  applied  to  it. 
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§ 122,  Adulterations. — The  adulteration  most  commonly  met 
with  is  a dilution  of  ground  mustard  with  turmeric  and  wheat 

i flour.  Other  substances  usually  enumerated  as  having  been 
fraudulently  mixed  with  mustard  are — cayenne  pepper,  ginger, 
gamboge,  potato  starch,  pea  flour,  radish  and  rape  seed,  linseed 
meal,  yellow  ochre,  chromate  of  potash,  plaster  of  Paris,  and  clay, 
besides  the  ground  seeds  of  the  Sinapis  arvensis. 

a A careful  microscopical  examination  by  both  ordinary  and 
polai'ised  light  will  detect  most  organic  adulterations.  If  on  the 
addition  of  iodine  to  an  infusion  of  the  mustard  in  hot  water,  no 
blue  colour  is  produced,  it  is  certain  that  neither  wheat  nor 
any  other  starch  is  present. 

The  chemical  examination  of  mustard,  for  the  purposes  of  the 
food  analyst,  mainly  resolves  itself  into — 


. 


1. 

2. 

3. 

4. 

5. 


Testing  for  turmeric. 

Estimation  of  the  total  sulphur. 
Estimation  of  the  fat  or  oil. 
Estimation  of  the  ash. 


Te.sting  for 


gamboge. 


1.  Testing  for  Turmeric. — The  detection  of  turmeric  by  its 
i microscopical  appearance  is  usually  satisfactory;  there  are,  how- 
I ever,  some  good  chemical  tests. 

rj  A.  Extract  the  mustard  with  two  or  three  times  its  volume 
of  methylic  alcohol,  filter,  and  evaporate  to  dryness.  If  turmeric 
Bfj  be  present,  the  addition  of  hydrochloric  acid  to  the  extract  will 
produce  a red-orange-green  colour,  turned  by  excess  of  an  alkali 
>4  to  green  and  blue;  or  the  extract  may  be  dissolved  in  the  least 
possible  quantity  of  methyl  alcohol,  and  evaporated  to  dryness 
in  a porcelain  capsule,  in  which  there  has  been  placed  a small 
piece  of  filter  paper.  When  the  evaporation  is  complete^  the 
paper  is  moistened  with  a strong  solution  of  boric  acid,  and  then 
dried;  if  turmeric  be  present,  the  paper  will  take  a reddish 
colour;  if  it  be  then  treated  by  an  alkali,  there  is  a play  of 
colours,  among  which  green  and  purple  pi’edominate. 

B.  Advantage  may  be  taken  of  the  fact,  that  the  colouring 
matter  of  turmeric  is  strongly  fluorescent;  that  of  mustard,  on 
the  other  hand,  is  devoid  of  fluorescence.  The  simplest  method 
to  detect  the  fluorescence  of  the  yellow  colouring  matter  of 
turmeric,  when  mixed  with  mustard,  is  to  pass  a little  castor 
oil  through  the  suspected  sample  on  a filter;  the  oil,  if  turmeric 
be  present,  shows  a very  distinct  green  colour;  this  is  a test  of 
considerable  delicacy.  Or  an  alcoholic  solution  may  be  placed 
in  a test-tube,  and  held  vertically  in  water  contained  in  a <^lass 
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blackened  internally;  if  the  observer  now  slightly  incline  the 
top  from  the  window,  and  look  from  above  outside  the  test-tube, 
the  green  fluorescence,  if  present,  will  be  readily  observed. 

2.  Estimation  of  the  Total  Sid'jphur. — Most  of  the  adulterants  of 
mustard  contain  no  sulj)hui*,  or  at  least  no  very  appreciable 
amount,  in  the  unoxidised  state.  Mustard,  on  the  other  hand, 
in  common  with  a large  number  of  cruciferous  plants,  contains 
sulphur-organic  compounds ; hence  a great  deficiency  or  excess 
of  sulphur  is  indicative  of  adulteration,  a normal  amount  no 
conclusive  sign  of  purity. 

The  writer  found  that  white  mustard  seeds,  ground  by  him- 
self, gave  as  the  mean  of  sixteen  exp,eriments  1‘8631  per  cent,  of 
total  sulphur — the  lowest  determination  being  1-2  per  cent.,  the 
highest  2‘5  per  cent. ; the  mean  quantity  of  sulphur  in  the  ash 
being  ‘SdSS  per  cent. 

Black  mustard,  oxidised  in  a similar  manner,  gave  1 per  cent, 
of  total  sulphur,  while  the  ash  gave  -22  per  cent.  Thus  black 
mustard  contains  less  sulphur  than  white  mustard. 

The  best  method  to  oxidise  the  suljihur  compounds  the  writer 
has  found  to  be  as  follows:' — About  1 grm.  of  the  substance  is 
placed  in  a flask  adapted  to  an  upright  Liebig’s  condenser,  and 
digested  for  some  time  at  a gentle  heat  with  fuming  nitric  acid. 
The  resulting  liquid  filters  with  ease,  and  the  suljdiates  are  pre- 
cipitated in  the  usual  way  with  a solution  of  chloride  of  barium, 
the  precipitate  thoroughly  washed,  dried,  ignited,  and  weighed ; 
sulphate  of  baryta  multiplied  by  T3734  = sulphur.  On  now 
making  a determination  of  the  sulphates  contained  in  the  asb, 
and  subtracting  the  latter  from  the  former,  the  amount  of  organio 
sul-^jliur  is  obtained. 

3.  Estimation  of  the  Fat  or  Oil. — This  is  particularly  useful 
when  wheat  starch  is  the  adulterating  agent.  Wheat  flour  does 
not  contain  more  than  L2  to  2-1  per  cent,  of  oil;  mustard,  on  the 
other  hand,  from  33 -9  to  3C-7  per  cent.  A weighed  portion  of 
the  previously  dried  sample  may  be  placed  in  the  little  apparatus 
figured  at  p.  109.  As  a rough  guide  the  following  formula3  may 
be  used : — 

X Amount  of  mustard,  y of  oil  found. 


33-9a;  1-2(100  - a;) 


100  100 


y 


36-7  2(100  - x) 


100  lOO 


y 


4.  Estimation  of  the  Ash. — The  ash  is  taken  in  the  way  already  f 
described  (see  p.  4).  The  total  ash  of  dried  mustard  averages  | 


pepper; 
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5 per  cent.  The  highest  number  the  writer  has  obtained  is  5 ‘3 
per  cent.,  the  lowest  5-088  per  cent.  Of  this  ash  1-2  at  least 
is  soluble  in  water;  in  other  words,  the  ash  of  mustard  consists 
of  30  parts  per  cent,  soluble,  70  parts  per  cent,  insoluble  in 
water.  It  hence  follows,  that  if  found  above  5-5  per  cent., 
mineral  matters  of  foreign  origin  are  present;  if  below  4 per 
cent.,  it  is  an  indication  of  some  organic  adulterant. 

b.  Gamboge. — Gamboge  as  an  adulterant  of  mustard,  is  some- 
what apocryphal;  if  suspected  of  being  present,  an  alcoholic 
extract  of  the  mustard  must  be  prepared;  such  an  extract  when 
treated  with  caustic  soda  becomes  of  a bright  red  colour,  hydro- 
chloric acid  produces  a yellow  colour. 
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II.— PEPPER. 

§ 123.  Black  pepper  is  the  dried  immature  fruit  oi Piper  nigrum, 
I one  of  the  Piperaeece,  or  pepperworts. 

White  pepper  is  the  same  berry  decorticated,  or  deprived  of 
its  outer  and  black  husk  or  covering 

O 

The  pepperworts  are  a well-defined  natural  order,  confined  to 
die  hottest  parts  of  the  world,  and  delighting  in  low  places, 
valleys,  and  the  banks  of  rivers.  Although  neither  the  number 
)f  its  genera  nor  of  its  species  is  great,  yet  the  whole  order  is 
•emarkable  for  a variety  of  active  and  useful  plants — e.g.,  the 
a-omatic  black  and  long  peppers,  the  astringent  matico,  the 
ntoxicating  Macropiper  methysticum,  tlie  different  varieties  of 
mbebs  useful  in  the  treatment  of  inflamed  mucous  membranes, 
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and  several  otlier  plants  possessing  medicinal  properties/-®'  belong 
to  the  natural  order  of  Fiperacece. 

Black  pepper  itself  is  a climbing  plant,  attaining  the  heiglit  of 
from  8 to  12  feet;  the  berries — or,  botanically  speaking,  “drupes” 
— are  at  first  green,  then  red,  and  if  left  still  longer  ungathered, 
turn  to  black;  but  before  this  latter  change  takes  place  the 
berries  are  gathered  by  hand  and  dried  in  the  sun,  the  result 
being  an  entire  change  of  appeai’ance  ; instead  of  a red,  smooth 
berry,  a black  or  reddish-black  peppercorn,  with  the  cortex  con- 
tracted and  shrivelled  in  such  a manner  as  to  foi'm  a veined  net- 
work, is  obtained.  The  plant  is  cultivated  in  various  portions  of 
the  equatorial  regions  of  the  earth,  the  zone  of  cultivation  being 
confined  to  the  isothei-ms  of  82°.  It  would  not,  however,  be 
strictly  correct  to  say  that  this  high  mean  annual  temperature 
is  essential,  or  even  necessary;  for  the  fact  is,  that  it  is  pro- 
duced principally  in  the  cooler  valleys,  where  the  mean  annual 
temperature  does  not  perhaps  exceed  70°F. 

The  black  pepper  imported  into  this  country  principally  comes 
from  the  islands  of  Malacca,  Java,  Borneo,  and  Sumatra.  The 
commercial  varieties  are  at  least  five — viz.,  Malabar,  Penang, 
Sumatra,  Trang,  and  Tellicherry,  names  indicating  the  localities 
whence  they  are  derived.  The  differences  which  these  differ- 
ent varieties  of  pepper  present  to  the  eye  are  evident  enough 
when  the  several  samples  are  at  hand  for  comparison;  but  it  takes 
a very  practised  observer  to  identify  a solitary  sample ; and 
if  samples  of  each  of  the  kinds  named  were  mixed  together,  it  is 
doubtful  whether  an  adept  even  could  separate  the  berries  again, 
identifying  each  sort  with  any  correctness.  The  merchant,  indeed, 
relies  more  upon  the  weight  than  the  appearance;  he  takes  a 
handful  of  peppercorns,  and  by  long  practice  can  tell  in  a moment 
whether  it  is  a light  or  a heavy  sample.  Chevallier  has  deter- 
mined the  weight  of  what  is  technically  called  heavy,  half-heavy, 
and  light  pepper.  A litre  of  the  first  weighed  530  grms.;  of  the 
second,  512  grms.;  of  the  third,  470  grms.  That  there  is  con- 
siderable difference  in  weight  in  the  different  berries  is  certain, 
for  the  writer  carefully  weighed  100  berries  of  each  kind,  with 
the  following  result: — 


Grammes. 

100  peppercorns  of  Penang  weighed 

. J6-249G 

100 

Malabar  ,, 

. 1.6-053G 

100 

Sumatra  ,, 

5T476 

100 

Trang  ,, 

. J4-5736 

100 

Tellicherry ,, 

. 14-5070 

* The  Artanthe  eucalypti  folia  is  used  in  Brazil  in  case  of  colic  ; Piper  pa'^~  ■ 
thenium,  used  in  menstrual  disturbances ; Chapica  betle  and  Siriboa  cause  | 
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If,  then,  quality  is  to  he  judged  of  by  weight,  Penang  and 
Malabar  may  be  bracketed  together  as  standing  first,  Sumatra 
holding  the  second  place,  and  Trang  and  Tellicherry  bracketed 
together  in  the  third.  The  general  opinion  of  the  trade  is,  that 
Malabar  is  really  the  heaviest,  and  possibly  the  samples  of 
Penang  which  the  writer  possesses  are  unusually  fine.  The 
whole  of  the  ground  peppers  of  commerce  are  mixtures  of  different 
kinds  of  pepper;  thei’e  is  no  such  thing  to  be  found  in  the  shops 
as  a pure  ground  Malabar  or  a pure  ground  Penang.  The 
principal  varieties  mixed  for  household  purposes  and  retailed  are 
Malabar,  Penang,  and  Sumatra ; the  first  of  these  is  the  dearest. 

The  usual  mixture,  according  to  Chevallier  is — 

33  per  cent,  of  Malabar  to  give  weight, 

33  ,,  Penang  ,,  strength,  and 

33  ,,  Sumatra  ,,  colour. 

The  pepper  thus  mixed  is  either  ground  by  the  aid  of  large  mill- 
stones, or  in  an  apparatus  perfectly  analogous  to  a coffee-milL 
The  latter  mode  is  far  preferable  to  the  former,  as  the  friction  of 
the  stones  develops  considerable  heat,  and  dissipates  some  of  the 
aromatic  principles.  Pepper  thus  damaged  by  the  heat  of  the 
mechanical  opei’ations  is  technically  known  as  “burnt.”* 

§ 124.  Structure  of  Pepper. — A thin  section  of  the  pepper  berry 
shows,  from  without  inwai’ds  (1.)  a layer  of  elongated  cells,  large 
and  distinct,  having  a central  cavity  from  which  numerous  lines 
radiate  towards  the  circumference ; (2.)  a layer  of  small,  angular, 
dark-coloured  cells ; (3.)  a thin  stratum  of  woody  fibre  and  spiral 
vessels;  (4.)  a layer  of  large  round  cells;  (5.)  a tissue  divisible 
into  two  layers,  the  outer  consisting  of  coloured  cells,  the  inner 
colourless,  and  really  constituting  a membrane. 

Pepper  contains  an  alkaloid  (Piperin),  a volatile  oil,  and  an 
acrid  resin,  besides  gum,  starch,  vegetable  albumen,  salts,  and 
other  substances. 

§ 125.  Oil  of  Pepper  has  a specific  gravity  of  from  0’S6  to  0'99, 
and  a boiling  point  167°  to  170°C.  It  is  a clear  fiuid,  possessing- 
a mild  taste,  and  corresponds  to  the  formula  CjqHjq.  Both  white 
and  black  pepper  contain  a little  more  than  1 per  cent,  of 
this  oil.f 

§ 126.  Piperin — (C^p^H^gNOg) — was  discovered  by  Oerstedt  in 
1819  ; it  is  found  in  white,  long,  and  black  pepper,  in  Chavica 

salivation  and  decrease  the  function  of  the  skin.  Besides  these,  Acrocar- 
pidium  hispidulum,  Coccobryon  cajiense,  Artanthe  adunca,  Chavica  adunca, 
aud  others,  possess  active  and  useful  proj)erties. 

* From  Art.  Pepper  iu  the  Author’s  “ Diet,  of  Hygiene.” 

+ Dumas.— /otovt.  Chim.  Med.,  xi.  308, 


224 


A MANUAL  OF  PRACTICAL  CHEMISTRAL  [§  127-129. 


officinarum,  in  cubebs,  in  the  berries  of  Schinus.  mollis,  and  in 
the  bark  of  Liriodendron  tulipifera.  When  pure  piperin  crystal- 
lises, in  colourless,  brilliant,  four-sided  prisms,  it  is  almost  tasteless, 
and  presents  no  alkaline  reaction.  It  melts  to  an  oily  mass  at 
about  100°C.,  solidifying  in  a resinous  form;  is  soluble  in  petro- 
leum ether,  alcohol,  ether,  the  volatile  oils,  benzole,  chloroform, 
and  creosote.  Concentrated  nitric  acid  changes  it  into  an  orange- 
red  resin ; if  this  be  treated  with  a solution  of  caustic  potash,  a 
blood-red  colour  is  produced,  and  on  boiling  piperidin  developed. 
Long  heating  with  alcoholic  potash  decomposes  piperin  into 
piperidin  and  piperinate  of  potash,  and  the  same  substance  is 
quickly  developed  by  heating  with  soda  lime. 

§ 127.  Piperidin — (best  obtained  by  diy  distillation 
of  piperin  with  three  times  its  weight  of  soda  lime) — is  a clear, 
colourless,  bitter,  strongly  alkaline  fluid,  which  boils  at  106°,  and 
has  an  odour  both  of  pepper  and  ammonia.  It  dissolves  in 
water  and  alcohol  in  all  proportions,  and  forms  good  crystalline 
salts  with  acids. 

§ 128.  Pipterie  Acid — CjqIIj204 — is  obtained  by  boiling  piperin 
with  alcoholic  potash,  decomposing  the  piperate  of  potash  by  the 
addition  of  HOI,  and  subsequent  purification  of  the  acid  by 
crystallisation  from  alcohol.  The  acid  is  in  the  form  of  yellow 
hair-like  needles,  some  of  which  may  be  sublimed  undecomposed; 
they  dissolve  easily  in  boiling  alcohol,  but  are  scarcely  soluble 
in  water. 

§ 129.  The  Ash  of  Pepper. — The  following  is  an  analysis  of  the 
ash  of  Tellicherry  pepper  ; — 

]00  Grms.  of  Ash. 


Potash, 24 '380 

Soda, 3-226 

Magnesia, 13-000 

Lime, 11-600 

Iron, 0-300 

Phosphoric  Acid,  ....  8-470 

Sulphuric  Acid, 9-613 

Chlorine, 7 "570 

Carbonic  Acid, 14'000 

Sand, 6 -530 


Of  all  of  these  constituents  the  sand  is  the  most  variable. 
The  highest  determination  of  sand  which  the  writer  has  as  yet 
met  with,  occurred  in  a sample  of  Penang  pepper,  which  gave  9 
parts  of  sand  in  every  100  of  ash ; but  if  we  allow  that  a pepper 
ash  may  contain  10  parts  in  every  100  of  sand,  how  on  any  ; 
theory,  except  that  of  wilful  adulteration,  can  we  account  for  the 
fact  of  the  ground  pepper  of  commerce  yielding  to  the  analyst  an  ash 
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one-third  or  one-half  of  which  is  very  commonly  found  to  consist 
of  sand  1 The  iron,  part  of  which  is  magnetic,  the  alkaline  earths, 
the  chlorine,  the  alkalies,  all  vary  somewhat ; but  there  is  one 
constituent  which  is  extremely  constant,  and  may  be  of  technical 
utility,  and  that  is  the  phosphoric  acid.  The  phosphoric  acid 
averages  8-5  per  cent,  of  the  ash.  Pepper  also  has  very  minute 
quantities  of  carbonate ; a sample  of  finely  powdered  Malabar 
pepper,  treated  with  acid,  and  placed  in  an  absorption  apparatus 
connected  with  an  aspirator,  which  drew  through  the  solution 
perfectly  dried  cai'bonic  acid  free  air,  yielded  ‘657  milligramme 
of  COg,  or  about  -143  per  cent,  of  the  ash;  hence  the  10  or  11 
per  cent,  of  COg  in  the  ash  must  be  produced  from  the  oi'ganic 

( salts,  (fee. 

Nitrates  and  Nitrites  in  Pepj)er. — Comparatively  few  observa- 
tions of  the  amount  of  nitrates  and  nitrites  in  organic  substances 
:are  on  record  : it  is  a subject  of  some  scientific  interest,  especially 
■ since  it  has  been  observed  that  nitrates  and  nitrites  are  decom- 
posed  in  the  presence  of  free  oxalic  acid.  Whether  the  deter- 
raination  of  nitric  acid  will  be  of  service  to  the  food  analyst  or 
.Jnotis  unknown:  it  certainly  may  be  so,  if  it  be  found  that  a 
:A  substance  rich  in  nitrates  is  fraudulently  mixed  with  one  poor  in 
nitrates. 


I 


100  grms.  undried 

Penang  pepper  yield 

Calculated  as 
Nitric  Acid. 
Grms. 

0-04470 

>> 

Malabar  ,, 

0 03858 

' 

) ) 

Tellicherry  , , 

0-08860 

1 

Sumatra  , , 

0-06560 

>1 

n 

Trang 

0-11870 

. § 130.  General  Composition  of  Pepper. — In  a sample  of  Penang 

1 pepper  analysed  by  the  writer  : — 


Volatile  Oil, 

Acrid  Eesin, 

Piperin, 

Substances  soluble  in  water,  gum,  starch, 
and  other  matters,  subtracting  ash. 
Substances  insoluble  in  alcohol  and  water. 
Water,  . • 


Per  cent. 
] 04 
1-77 
5-17 

14-74 

67-75 

9-53 


100-00 


; The  following  table  exhibits  some  analyses  made  by  the  writer 
' n 1876  of  genuine  black  peppers,  and  may  be  compared  with 
umilar  determinations  of  white  and  long  peppers  : 

Q 
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General  Composition  of  Commercial  Peppers. 


O 

&s 

O 03 

ftO 
P-D 
O o 
Pho 

fflb 

Po 

PiO 
CD  O 

c3.2 
h ^ • 

^ o 
<15  o 
“ P.O 

Ash 

in  Pepper  dried  at 
100“  C. 

.9t: 

u o 

.P  0^ 

O <D 

Soluble  in 

S 

water. 

Total. 

Per  cent. 

Per  cent. 

Per  cent. 

Per  cent. 

Penang, 

9-53 

5-57 

2-08 

18-33 

2 -21 

4-lS 

Tellicherry, 

12-90 

4-675 

1-70 

16-5 

3-38 

5-77 

Sumatra,  . 

10-10 

4-702 

1-74 

17-59 

2-62 

4-31 

M alabar,  . 

10-54 

4-632 

1-74 

20-37 

3-45 

5-19 

Trang, 

11-66 

4-600 

1-70 

18-17 

2-53 

4-77 

White  Pepper,  ) 
Commercial,  f 

10-30 

5-600 

2-05 

... 

0-56 

1-12 

Long  Pepper,  . 

... 

1-800 

0-80 

16-82 

4-47 

8-30 

§ 131.  Analysis  of  Pepper. — The  ash  and  hygroscopic  inoistura 
are  estimated  in  the  usual  manner.  The  commercial  value  of  a 
pepper  ought  to  hear  a definite  relation  to  the  piperin  and  acrid 
resin,  so  that  the  latter  constituents  are  the  most  important  to 
determine. 

There  are  two  methods  of  estimating  the  piperin  and  resin 
The  one  is  to  exhaust  thoroughly  the  finely  powdered  pepper 
with  strong  alcohol,  evaporate,  and  weigh  the  extract,  which 
practically  consists  of  nothing  hut  resin  and  piperin.  The  latter 
is  now  separated  hy  digestion  with  soda-lye,  which  dissolves 
the  resin,  leaving  insoluhle  the  piperin,  which  may  he  reclis- 
solved  in  strong  alcohol,  filtered,  evaporated,  and  weighed  as 
piperin.  The  other  process  which,  on  the  whole,  is  preferable,  is 
to  dissolve  the  jiiperin  out  hy  petroleum  ether,  and  purify 
the  extract  thus  obtained  as  before.  Some  chemists,  again,  first 
extract  with  alcohol,  and  then  treat  the  alcoholic  extiuct  with 
petroleum  ether,  a method  which  is  equally  valid,  hut  not, 
perhaps,  so  convenient  as  the  second  given. 

§ 132.  Adulterations  of  Pepper. — Pepper  has  been  adulterated 
for  at  least  two  centuries  and  a half;  for  Pierre  Pomet,*  writing 
in  1614,  says,  “As  the  greatest  part  of  pepper,  white  as  well  as 
black,  is  sold  ‘ hattu^  (that  is  to  say,  powdered),  it  should  only  he 
bought  of  honest  merchants;  because  all  the  pepper  the  retailers 
sell  is  no  other  thing  for  the  white  than  ^ epices  d'Auvergitfi 
hlanchees,^  or  rather  black  pepper  whitened  with  ground  rice ; the 


* Pomet,  “Hist.  G<^n.  des  Drogues,”  1735. 
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black  is  only  the  dust  either  of  the  crust  of  bread,  grey  Auvergne 
spices,  or  manignette.” 

The  list  of  the  adulterations  enumerated  by  authors  is  an  extra- 
ordinary one.  Linseed  meal,  rice,  pepper  leaves,  mustard,  wheat 
flour,  sago,  woody  fibre,  chillies,  rape-seed,  potato,  spices,  capsi- 
cum, manignette  (otherwise  known  as  Guinea  pepper),  chicory, 
rye,  powdered  leaves  of  the  laurel,  which  had  been  previoiisly 
used  to  wrap  round  extract  of  liquorice,  the  stones  from  olives, 
bone-dust,  marine  salt,  and  various  mineral  adulterations,  are  all 
said  to  have  been  detected. 

However  various  may  be  the  adulterations  in  France  (where, 
Chevallier  tells  us,  in  Paris  alone  he  is  acquainted  with  a manu- 
factory producing  1,200  to  1,500  kilogrammes  annually  of  a 
mixture  sold  solely  for  the  purpose  of  adulterating  pepper),  the 
only  common  adulterations  of  this  country  are  Avhat  are  known 
in  the  trade  as  P.D.,  H.P.I).,  and  W.P.D.,  abbreviations  for 
pepper-dust,  hot  pepper-dust,  and  white  pepper-dust ; the  first, 
or  P.D.,  used  to  be  principally  composed  of  faded  leaves,  but 
linseed  meal  is  now  preferred;  H.P.D,  is  chiefly  the  husks  of 
mustard;  and  W-P.P.  is  ground  rice.  To  all  these  Ave  must  add 
sand,  which  is  most  certainly  used,  though  whether  derived  from 
the  sweepings  of  tlie  shops,  or  added  as  sand,  is  by  no  means 
clear.  The  sand,  of  course,  influences  the  weight  of  the  ash, 
Avhich  should  never  exceed  7 per  cent. 

Dr.  Hassall  made  some  detei'minations  of  the  ash  of  some 
fifteen  or  sixteen  commercial  samples  of  black  pepper ; of  these 
only  one  was  under  5 per  cent.,  the  percentages  of  the  other 
fifteen  being  distributed  as  follows  : — 

One  gave  between  5 and  6 per  cent,  of  ash. 

Three  ,,  band  7 ,,  ,, 

Three  ,,  7 and  8 ,,  ,, 

Seven  ,,  9 and  10  ,,  ,, 

One  ,,  11  and  12  ,,  ,, 


U 

I HI 


It  is  difiicult  to  believe  that  more  than  2 per  cent,  of  unavoid- 
able mineral  dust  can  get  into  the  pepper  by  grinding,  &c.,  and 
lili  the  inference  naturally  is  that  most  of  the  above  samples  were 
adulterated.  The  maximum  percentage  of  ash  from  genuine 
pepper  Avhich  the  writer  has  obtained  is  5 '3  per  cent. 

Besides  the  formidable  list  of  adulterations  already  mentioned, 
iTOi  the  berry  itself  is  not  free  from  manipulation;  for,  as  the  merchant 
«e  judges  by  the  weight  of  the  sample,  means  are  taken  to  render 
the  lighter  sorts  equal  in  weight  to  the  heavy  Malabar  and 
m Penang,  and  in  order  to  do  this  they  are  macerated  in  tubs  of 
4 brine  for  twenty-four  hours,  and  thus  impregnated  with  salt  and 
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water,  find  their  way  into  the  market  as  Malabar;  but  such 
samples  are  quickly  recognised  by  the  astute  merchant;  and  the  i 
high  chlorides,  the  high  ash,  the  great  amount  of  humidity,  could 
hardly  fail  to  reveal  their  nature  to  the  analyst. 

As  coffee  has  been  cleverly  imitated  by  chicory  pressed  into 
the  shape  of  the  coffee-berry,  so  by  pressing  various  pastes  into 
the  shape  of  the  pepper-berry  has  pepper  been  imitated.  Of  this 
adulteration  there  is  the  most  undoubted  evidence.  Accum 
noticed  artificial  peppercorns  made  of  oilcake,  common  clay,  and 
Cayenne  pepper,  and  Chevallier,  in  a recent  paper,  states  that  in 
1843  he  was  requested  to  examine  a sample  taken  from  forty 
bales,  in  which  he  found  from  15  to  20  per  cent,  of  artificial 
pepper,  composed  of  pepper-dust,  bran,  and  other  matters.* 
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III.— CAYENNE  PEPPER. 

§.  133.  Cayenne  pepper  consists  of  the  powdered  pods  or  see- 
vessels  of  the  Capsicum  annuum,  a plant  belonging  to  the  nature 
order  Solanacem.  It  is  a native  of  America,  but  is  also  cultivatei 

* Art.  Pepper  in  author’s  “Diet,  of  Hygiene.” 
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to  a slight  extent  in  the  greenhouses  of  England  and  other  Euro- 
pean countries.  It  is  sold  entire  under  the  name  of  Chillies. 
The  mici’oscopical  structure  of  the  capsules  is  somewhat  peculiar : 
the  epidermis  is  formed  of  cells  the  walls  of  which  are  thick, 
flattened,  tortuous,  well  defined,  and  punctuated  here  and  there; 
frequent  drops  of  a reddish-orange  oil  occur,  especially  in  the 
parenchyma,  which  is  formed  of  thin-walled,  rounded  cells. 
The  envelope  of  the  grain  itself,  when  ciit  in  thin  vertical  sec- 
tions, presents  a very  singular  appearance,  that  of  radiating 
dentiform  processes,  the  apex  of  each  being  apparently  fixed  in 
the  outer  membrane.  The  substance  of  the  seed  proper  is  com- 
posed of  small  angular  cells,  with  thick  colourless  wmlls,  filled 
with  granules  and  a yellow-orange  oil,  but  without  starch. 

Cayenne  pepper,  as  met  with  in  commerce,  is  in  the  foi’in  of  a 
somewhat  coarse,  brick-dust  like  pow'der,  the  least  particle  of 
which,  if  heated  strongly,  volatilises  a very  acrid  vapoiu’,  causing 
intense  irritation  of  the  throat.  This  sensation  can  be  produced 
by  so  minute  a portion  of  cayenne,  that  any  foreign  substance 
mixed  with  it  could  in  this  way  be  detected;  it  would  be  only 
necessary  to  separate  carefully,  by  the  aid  of  the  microscope  and 
a camel’s-hair  brush,  all  particles  of  cayenne,  and  heat  the  portion 
suspected;  if  no  acrid  vapours  wei*e  given  off,  the  substance  could 
not  be  cayenne.  This  intense  acridity  appears  to  be  due  to  a 
body  recently  discovered  by  Mr.  Thresh,  and  named  by  him 
Capsaicin. 

§ 134.  Cajjsaicin — ((^9111405),  specific  gravity  1060 — is  in  the 
form  of  minute  crystals,  which  melt  at  55-5°C.  (138°E.),  volatilise 
unchanged  at  115-5''C.  (240°F.),  and  at  120°C.  (248°E.),  become 
brownish-black.  It  may  be  obtained  by  exhausting  cayenne  by 
petroleum,  evaporating  the  petroleum,  and  treating  the  extract 
thus  obtained  by  dilute  solution  of  potash  ; on  now  saturating 
the  solution  with  carbonic  anhydride,  it  is  pi'ecipitated  in  very 
small  crystals.  It  dissolves  slightly  in  cold,  and  more  readily 
in  boiling,  water ; is  easily  soluble  in  alcohol,  proof  spiiit, 
etlier,  amylic  alcohol,  acetic  ether,  acetic  acid,  benzine,  the 
fixed  oils,  and  solutions  of  the  alkalies.  It  dissolves  slowly  in 
turpentine  and  carbonic  disulphide ; when  pure,  petroleum  does 
not  dissolve  it  readily,  but  the  presence  of  the  red  oil  in  the 
])opper  increases  its  solvent  powers  ; it  is  totally  insoluble  in  solu- 
t ions  of  the  carbonates  of  the  fixed  alkalies,  and  in  ammonia. 
Silver  nitrate  gives  a precipitate  witJi  alcoholic  solutions  of  cap- 
saicin ; it  also  yields  white  precipitates  with  barium  and  cal- 
cium chlorides.  It  is  powerfully  pungent,  causing,  if  volatilised 
severe  fits  of  coughing. 

It  would  appear  that  capsaicin  is  not  contained  in  the  sub- 
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stance  of  tlie  seed ; for  if  tlie  pericarp  be  carefully  separated,  the 
seeds  are  entirely  devoid  of  acrid  taste. 

Mr.  Thresh  has  also  described  a couiuin-like  alkaloid,  obtained 
by  exhausting  the  pericarp  with  benzine,  evaporating,  dissolving 
in  ether,  shaking  the  solution  with  dilute  sulphuric  acid,  pai-- 
tially  neutralising  with  barium  carbonate,  and  evaporating  to  a 
small  bulk.  Some  i-ed  fat  now  sepai*ates,  and  after  the  removal 
of  this  (upon  adding  an  excess  of  alkali,  shaking  with  ethei',  and 
evaporating)  a brown  residue  is  obtained,  smelling  like  conium, 
and  giving  precipitates  with  Nessler  reagent,  iodine,  and  iodides 
of  potassium  and  cadmium. 

The  acrid  oil  Capsicol,  Capsicin,  and  other  substances  described 
by  Bucholz,  Bracannot,  Buchheim,  &c.,  are  undoubtedly  mix- 
tures. The  general  composition  of  cayenne  pepper  may,  how- 
ever, be  gathered  from  the  following  analyses,  one  made  in  1816 
by  Bucholz,  the  second  in  1817  by  Bracannot,  of  course  neither 
taking  cognisance  of  capsaicin  : — 


Bucholz' s Analj/sis. 


Acrid  soft  resin  (capsicum), 

40 

Wax,  ....... 

Bitter  aromatic  extractive, 

7B 

8-6 

Extractive,  with  some  gum. 

21  0 

Gum,  ....... 

9-2 

Albuminous  matter,  .... 

3-2 

Woody  libre,  ...... 

28-0 

Water,  ....... 

12  0 

Loss,  ....... 

6-4 

Fruit  of  Capsicum  annuum,  without 

seeds,  ..... 

100  0 

Bracannot' s Analysis. 

Acrid  oil, 

19 

Wax  and  red  colouring-matter. 

09 

Brownish  starchy  matter, 

9 0 

Peculiar  gum,  ...... 

6 0 

Animalised  mattei’,  ..... 

5 0 

Woody  fibre,  ...... 

67-8 

Salts:  extract  of  potash,  G'O;  phosphate 

of  potash,  and  chloride  of  potassium,  3'4, 

9-4 

Fruit  of  Capsicum  annuum,  . 

1000 

The  hygroscopic  moisture  ranges  in  different  samples  from  10  > 
to  13  per  cent.  The  writer  analysed  several  samples  of  genuine  ■ 
cayenne,  and  the  mean  of  these  analyses  was  as  follows  : — 


§ 135-137.] 


THE  SWEET  AND  BITTER  ALMOND. 


231 


Aqueous  extract  of  dried  cayenne, 
Alcoholic  extract,  . 

Benzole  extract. 

Ethereal  extract. 

Ash, 

Total  nitrogen  in  100  grms.,  . 


32  T per  cent. 
25-79 


20  00 
10-43 

5-693  (soluble,  3-32) 
2-04 


■Hence  the  ash  of  cayenne  should  not  exceed  6 per  cent. ; it 
should  yield  at  least  one  quarter  of  its  weight  to  alcohol,  and 
from  9 to  10  per  cent,  to  ether. 

§ 135.  The  Adulte7-ations  of  Cayenne xiS,\iSLl\j  enumeva,ted  are;  all 
kinds  of  red  mineral  powders,  from  brick-dust  to  cinnabar,  and 
a few  starches.  There  does  not  appear,  however,  to  have  been 
-any  conviction  recently  for  the  adulteration  of  cayenne,  and  the 
numerous  samples  the  wx-iter  has  examined  were  all  genuine. 
Most  of  these  additions  would  be  easily  detected  in  the  ash,  or 
by  the  microscope.  Cinnabar  is  highly  improbable  ; for  its  detec- 
tion, see  Mercury,  in  the  second  portion  of  this  Avoi'k. 
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§ 136.  The  sweet  almond,  the  seed  of  Amygdala  communis,  and 
the  bitter  almond,  the  seed  of  Amygdalus  communis,  var.  Amara, 
't  enters  either  in  whole  or  in  pai't  into  so  many  articles  of  food 
(such  as  sweetmeats  and  pastry,  and  as  a flavouring  ingredient 
into  certain  drinks),  that  it  is  absolutely  necessary  to  be  acquainted 
with  its  chemical  composition.  Both  varieties  of  almond  agree 
in  containing  about  50  per  cent,  of  a bland  fixed  oil  (consisting 
chiefly  of  olein,  and  liable  to  become  rancid),  as  well  as  an 
albuminous  principle,  emulsin,  sugar,  gum,  and  woody  fibre ; 
but  only  in  the  bitter  almond  is  found,  in  addition  to  the  fore- 
going, amygdaline. 

§ 137.  The  Oil  of  Almonds  is  a thin  fluid  oil,  of  a clear  yellow 
colour,  specific  gravity  0-914  to  -920,  not  coagulated  by  cold  if 
- 10°  - j at  - 16°  it  becomes  cloudy,  and  at  - 22°  it  solidifies  to  a 


A MANUAL  OF  PRACTICAL  CHEMISTRA'. 


232 


[§  138. 


Avliite  butter.  Oil  of  almonds  appears  to  be  rather  frequently- 
adulterated  with  other  oils. 

2-5  drops  of  the  oil,  shaken  with  an  equal  bulk  of  nitric  acid 
(specific  gravity  1-20)  and  bisulphide  of  carbon,  should  not  show 
any  colour  after  standing  a few  minutes ; if  it  becomes  within 
half  an  hour  yellow,  or  reddish-yellow,  the  change  indicates  oil 
from  cherry  or  ajmcot  kernels. 

The  following  test  will  detect  drying  oils  : — Dissolve  1 part  of 
starch  in  3 parts  of  warm  nitric  acid,  of  D20  specific  gravity,  and 
warm  in  a capacious  vessel  over  the  water-bath  with  10  parts  of 
almond  oil,  until  all  evolution  of  gas  ceases.  The  oil  after  cooling 
is  within  two  days  changed  into  a warty,  crystalline,  greasy  mass 
of  elaidin.  Should  it,  however,  contain  a drying  oil  {poppy,  for 
example),  it  either  remains  quite  fluid  or  semi-fluid,  according  to 
the  proportion  of  the  adulterant  present.  The  colour  of  the 
elaidin  is  also  a guide ; that  produced  by  the  sweet  almond  is 
pure  white,  by  the  bitter,  yellowish-white,  and  by  the  small  or 
inferior  kinds  of  almonds,  brownish-yellow  ; if  the  elaidin  should 
be  red,  it  denotes  adulteration  of  some  foreign  oil,  especially  of 
sesame.  i 

Pure  almond  oil  dissolves  in  25  parts  of  cold  and  G of  hot 
alcohol.  The  above  tests,  and  in  addition  the  low  temperature 
required  for  congelation,  should  detect  all  ordinary  adul- 
terations. 

§ 138.  Amygdaline  is  a glucoside,  discovered  in 

1830  by  Pvobiquet  and  Poutron-Ciiarlard.  It  may  be  exti'acted 
from  almond-cake  by  boiling  alcohol  of  95  per  cent.,  and  then 
])recipitated  from  the  somewhat  concentrated  alcoholic  solution 
by  ether.  Amygdaline*  crystallises  from  80  per  cent,  alcohol  in 
colourless,  glittering  scales,  containing  2 atoms  of  water ; it  can 
also  be  obtained  in  crystals.  Amorphous  amygdaline  of  the 

* Lelmiann,  in  liis  recent  elaborate  researches,  found  the  method  of  Liebig 
and  Wohler  the  best  for  obtaining  crystalline  amygdaline.  The  process  con- 
sists in  boiling  the  substance  with  strong  alcohol  (of  94  to  95  per  cent.) 
twice  successively,  after  having  first  removed  the  fixed  oil  by  petroleum 
benzine,  concentrating  to  about  one -half  or  one-sixth  of  its  volume ; and  then 
adding  ether,  which  jjrecipitates  the  amygdaline,  and  removes  any  of  the 
remaining  fixed  oil.  Lehmann  obtained  from 


Bitter  almonds, 
Cherry-kernels, 

Plum- kernels, 

Apple- seeds. 

Peach-kernels, 

Cherry-laurel  leaves, 

Bark  of  Rhamnus  /rang ala. 


2-5 

0-82 

0-96 

0-00 

2-35 


per  cent,  crystallised  amygdaline. 

5 > *5  5 > 

M 5) 

55  5 » S5 

55  55  55 


1 -38  per  cent,  amorphous  amygdaline. 
0-7  „ 


Both  of  these  latter  substances  contain  hydrocyanic  acid  ready  formed. 
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before-mentioned  cherry-laurel  leaves  and  buckthorn  bark  is  best 
obtained  by  the  following  method  : — The  dried  buckthorn  bark 
boiled  with  absolute  alcohol,  agitated  with  lead  oxide,  and 


IS 


evaporated  to  dryness.  Dried  in  a vacuum  over  8O4H2  it  forms 
a brittle,  yellow,  transparent,  resin-like  mass,  which,  when  heated 
to  100°C.,  becomes  dai-k-brown ; it  can  be  dissolved  by  boiling 
alcohol  and  by  water,  but  is  insoluble  in  ether.  Although  amor- 
phous, it  is  a ciystalloid  with  3 atoms  of  water,  as  proved  by* 
dialysis  from  water  or  weak  spirit,  but  in  such  a case  it  loses  1 
atom  if  di’ied  over  sulphuric  acid.  At  100°  to  120°  it  may  be 
obtained  anhydrous. 

Amygdaline  possesses  no  smell ; it  has  a slightly  bitter  taste  ; 
its  reaction  is  neutral,  and  it  polarises  to  the  left  [a]  ?’=  — 35*57°. 
It  dissolves  in  all  proportions  in  boiling  water,  and  in  12  parts- 
of  cold  of  10°C. ; requires  148  parts  of  alcohol,  specific  gravity  148,. 
904  i^arts  of  alcohol,  specific  gravity  0’819,  if  cold — b\it  if  boiling,, 
ill  parts  of  the  first  and  12  of  the  last ; it  is  insohible  in  ether, 
lit  melts  at  120°  and  begins  to  carbonise  at  160°,  when  it  develops 
la  caramel  smell,  and  is  at  length  fully  destroyed. 

Amygdaline,  by  the  action  of  dilute  acids,  splits  up  into  sugar*, 
(volatile  oil  of  almonds,  and  formic  acid.  If  boiled  with  solutions 
jl  of  potash  or  baryta  it  forms  ammonia  and  amygdalic  acid.  Tiro 
ij  most  interesting  decomposition  is,  however,  that  which  takes 
f'  place  by  the  action  of  emulsin  ; it  then  breaks  up  into  volatile- 
k'  oil  of  almonds,  hydrocyanic  acid,  and  formic  acid.  (See  Prussic 
i Acid,  in  the  second  pai’t  of  this  work.) 

jli  Volatile  Oil  or  Essence  of  Almonds  does  not  exist  as  such  in  the- 
ir bitter  almond ; it  is,  as  above  explained,  the  result  of  a decom- 
|t  position  of  the  amygdaline.  The  oil  of  almonds,  when  properly 
purified  from  prussic  acid,  is  identical  with  the  hydride  of  benzole. 


in 


I 


.7H5OH. 


It  is  colourless,  thin,  turning  a ray  of  polarised  light 
to  the  right,  of  a peculiar,  pleasant  odour,  and  a burnijig  aromatic- 
taste.  Its  specific  gravity  is  1*043  to  1*07,  usually  1*06  [llirsch). 
di  its  boiling  point  is  180°.  By  the  action  of  light  and  air  it  is- 
Jli^a-adually  oxidised  into  benzoic  acid.  It  is  soluble  in  equal  parts 
T alcohol,  *083  specific  gravity,  and  in  about  30  parts  of  water, 
>11  L’he  ethereal  or  volatile  oil  is  officinal  in  the  French,  Swiss,  and 
iTji I 'Norwegian  pharmacopeias.  The  ethereal  oil  is  much  adulterated, 
^''fhe  analyst  will  specially  look  for  alcohol,  prussic  acid,  nitro- 
oenzine,  and  ethereal  oils. 

If  alcohol-free,  the  addition  of  an  equal  weight  of  fuming- 
litric  acid  produces  no  effervescence,  and  after  two  or  three 
tlays  the  mass  becomes  emerald  green,  and  crystals  of  benzoic 
i-cid  appear.  On  the  other  hand,  if  it  contain  alcohol  from 
k08  per  cent,  upwards,  there  is  immediately  a stron<r  effer- 
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Some  of  tlie  tests  given  for 


alcohol  at  p.  127  may 


vescence. 
also  be  of  service. 

The  detection  and  estimation  of  prussic  acid  in  the  essence  is 
carried  out  on  the  principles  detailed  in  the  article  on  Prv^sic 
A cid. 

Nitrohenzine  is  indicated  when  the  essence  is  not  entirely 
soluble  in  a solution  of  bisulphate  of  potash,  and  the  specific 
gravity  is  higher  than  1'07,  the  specific  gravity  of  nitrohenzine 
being  1'20  to  1'29  ; the  boiling  point  will  also  be  raised.  In  such 
a case  nitrobenzine  should  be  specially  tested  for,  by  changing  it 
into  aniline  by  reducing  agents.  For  this  purpose  10  parts  of 
dilute  sulphuric  acid  (specific  gravity  1‘117)  may  be  added  to  10 
of  granulated  zinc  and  1 part  of  the  essence.  At  the  end  of  two 
liours  (after  frequent  agitation)  the  fluid  is  passed  through  a 
moistened  filter,  and  a crystal  of  chlorate  of  jiotash  added  to  the 
filtrate  with  a drop  of  concentrated  sulphuric  acid.  If  a violet 
or  red  colour  is  produced,  it  is  due  to  the  presence  of  an  aniline 
salt,  produced  from  nitrobenzine;  but  if  there  is  no  coloration, 
nitrobenzine  must  have  been  absent. 

Another  special  method  used  for  the  detection  of  nitrobenzine 
was  proposed  by  Maisch : — 1 grm.  of  the  essence  is  dissolved  in 
twelve  times  its  volume  of  alcohol,  ‘75  of  caustic  melted  potash 
is  added,  and  the  whole  heated  until  the  liquid  is  diminished  to 
about  one-third.  The  pure  essence,  on  cooling,  is  of  a light 
brown  colour,  and  dissolves  entirely  in  water ; but  if  nitroben- 
zine is  present,  the  residue  is  brown,  crystalline,  and  insoluble 
in  water. 

The  action  of  sodium  on  the  essence  may  also  be  utilised  as  a 
test: — Pure  almond  essence,  when  treated  with  sodium,  gives  j 
white  flocks ; if  nitrobenzine  should  be  present,  the  sodium  is 
immediately  covered  with  yellow  or  brown  flakes,  according  to 
the  amount  of  adulteration ; if  the  percentage  rises  as  high  as 
0-30  to  0-50,  the  whole  liquid  after  a minute  becomes  thick  and  tj 
opaque. — [Dragendorff. ) 

However,  the  action  of  potash  alone  on  a sample  adulterated  q 
with  nitrobenzine  is  tolerably  conclusive.  If  1 grm.  of  thei 
•essence  is  treated  in  a test-tube  with  half  its  weight  of  pui’C' 
caustic  potash,  a yellow  coloration  is  produced,  should  thed 
essence  be  pure  ; but  if  nitrobenzine  be  present,  the  tint  soonp 
becomes  yellowish-red,  and  at  the  end  of  a minute  green.  Onn 
the  addition  of  a little  water,  the  mixture  separates  into  twoi 
layers,  of  which  the  lower  is  yellow  and  the  upper  green,  the| 
latter  changing  in  the  course  of  a day  into  red.  Most  foreign^ 
etJm'eal  oils  may  be  detected  by  the  bisulphate  of  soda  test: — 
little  of  the  pure  essence  be  dropped  into  a warm  solution  of  this 
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salt,  of  from  1-24  to  1-26  specific  gravity,  shaken,  and  then 
diluted  with  hot  water,  it  is  fully  dissolved;  other  essences,  on 
the  contrary,  are  insoluble. 
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V.— ANNATTO. 

§ 139.  Annatto  is  a colouring  matter  obtained  from  the  seeds 
f the  Bixa  orellana,  chiefly  prepared  in  Brazil  and  Cayenne. 
Ithough  not  used  itself  as  a food,  it  enters  into  several  articles 
f consumption,  and  has  been  employed  to  colour  milk,  butter, 
nd  cheese. 

Characters,  Microscopical. — When  annatto  is  examined  by  the 
icroscope,  the  outer  red  portion  presents  an  almost  homogeneous 
ij^eai’ance,  and  the  surface  of  the  seed  proper  consists  of  narrow 
• elongated  cells  or  fibres  vertically  disposed,  while  the  inner 
hite  portion  consists  of  cells  filled  with  starch  corpuscles,  well 
efined,  of  medium  size,  and  resembling  in  the  elongated  and 
el  late  hilum  the  starch  granules  of  the  pea  and  bean. 

In  manufactured  unadulterated  annatto,  but  little  structure  is 
et  with.  Portions  of  the  outer  cells  may  be  seen ; and  in  those 
ecimens,  which  in  the  course  of  their  preparation  have  not  been 
bjected  to  the  action  of  boiling  water,  a few  starch  granules 
ay  be  noticed. 
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Since  this  is  the  case  with  annatto  itself,  we  can  the  more  easily 
detect  the  presence  of  most  foreign  vegetable  substances,  such  as- 
turmeric  powder,  the  starch  of  wheat,  rye,  barley,  and  sago 
tioiu’S.  The  salt  and  alkali  present  in  the  annatto  generally 
greatly  alter  the  appearance  of  the  turmeric.  Most  of  the 
colouring  matter  of  the  cells  is  discharged,  so  that  the  starch 
corpuscles  contained  within  them  become  visible.  Loose  starch 
granules  of  turmeric  may  also  be  frequently  seen,  and  in  conse- 
quence of  the  action  of  the  alkali  much  enlarged. 

§ 140.  Chemical  Comj)osition  of  Annatto. — Dr.  John  found  the 
pulp  surrounding  the  fresh  seed  to  consist  of  28  parts 
of  colouring  resinous  matter,  26 '5  of  vegetable  gluten,  20  of 
ligneous  fibre,  20  of  colouring  extractive  matter,  4 formed  of 
matters  aiialagous  to  vegetable  extractive,  and  a trace  of  spicy 
and  acid  matters.  The  colouring  matter  consists  of  a I’ed  sub- 
stance— hixin,  associated  with  a yellow  orellin;  the  latter  has 
been  as  yet  but  little  studied. 

§ 141.  Bixin,  when  pure,  is  an  amorphous,  resinous, 

cinnabar-red  substance.  It  is  scarcely  soluble  in  water  and 
bisulphide  of  carbon,  soluble  in  about  89  parts  of  cold,  and  in  25 
of  hot,  alcohol;  in  345  parts  of  ether,  in  93  of  chloroform,  and  ,| 
also  in  the  caustic  and  carbonated  alkalies.  The  alcoholic  solu- 
tion is  coloured  orange-red  by  lead  acetate,  brownish-yellow  by 
chloride  of  mercury  and  acetate  of  copper,  brown-red  by  chloride 
of  iron,  and  it  is  precipitated  yellow  by  stannous  or  stannic  .1 
chloride;  concentrated  suljdiuric  acid  produces  a deep  blue.  A 
solution  of  bixin  in  an  alkaline  liquid,  on  neutralisation  with  an 
acid,  gives  a pi’ecipitate  of  the  resin,  and  in  this  way  it  may  bed 
purified. 

§ 142.  Adulterations. — Annatto  is  one  of  the  most  adulterated  fi 
substances  met  with  in  commerce,  the  adulterants  being  bothd 
organic  and  inorganic.  The  organic  substances  used  are — tur  j 
meric,  rye,  barley,  and  wheat  flours.  The  inorganic — sulphate  off. 
lime,  carbonate  of  lime,  salt,  alkali,  an  oily  substance  (probablyd 
soap),  red  ferruginous  eartlis  (mostly  Venetian  red),  red  lead,  audi 
cop|)er. 

When  large  quantities  of  flour  and  lime  are  used,  the  colouql 
of  the  annatto  is  so  reduced  that  it  becomes  necessary  to  usei 
salt,  alkalies,  and  the  red  earths,  to  restore  it  to  its  origiiE^M 
standard.  Salt  heightens  the  intensity  of  vegetable  reds,  heucti 
its  use.  Lead  is  probably  introduced  into  the  annatto  througl| 
the  Venetian  I'ed  used.  Copper  is  added  to  prevent  the  anuattl 
becoming  attacked  by  fungi. 

The  following  is  an  analysis  by  the  writer  of  a fair  commerciit| 
sample. 
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A No.  1.  The  sample  was  in  the  form  of  a paste,  colour  deep  red, 
( odour  peculiai',  but  not  disagreeable : — 


Water,  ...... 

24-2 

Resin,  ...... 

28-8 

Ash,  ...... 

22-5 

Starch  and  Extractive  Matter, 

24  5 

100-0 

1 


The  following  is  an  analysis  of  an  adulterated  sample.  It  was 
in  the  form  of  a hard  brown  cake,  texture  hard  and  leathery, 
odour  disagreeable : — 


I 


Water,  . . . . . . . 13 '4 

Eesin,  . . . . . . . ll'O 

Ash — consisting  of  Iron,  Silica,  Chalk,  ) .n.o 
Alumina,  and  Salt,  . . . ^ 

Extractive  Matter,  . . . . 27  ’3 


100-0 


\ I 

i > 

»• 

5 


§ 143.  Tho  analysis  of  annatto,  as  may  be  gathered  from  the 
preceding  description,  principally  resolves  itself  into  a determi- 
nation of  the  ash,  and  an  estimation  of  the  resin.  The  former 
is  determined  in  the  usual  way,  the  latter,  by  exhausting  the 
sample  by  boiling  alcohol,  getting  rid  of  the  spirit  by  evaporation, 
and  then  redissolving  the  exti’act  thus  obtained  in  an  alkaline 
solution,  and  finally  precipitating  the  nearly  pure  resin  by  care- 
ful neutralisation  with  an  acid. 
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PART  I. 


INTEODUCTORY. 

§ 1.  In  tlie  Toxicological  portion  of  tliis  work,  many  substances 
usually  discussed  in  a treatise  of  tlie  kind  have  been  intentionally 
omitted,  either  on  account  of  their  properties  being  well-known, 
of  fatal  results  from  their  accidental  or  premeditated  use  being 
rare,  or  of  their  detection  offering  but  little  difficulty.  Such 
substances  are — the  strong  acids,  the  caustic  alkalies,  tartaric 
acid,  nitrate  of  potash,  &c,*  A few  introductory  words,  however, 
on  the  general  manner  of  procedure  in  investigating  for  poisons 
may  not  be  out  of  place. 

In  rare  instances,  the  analyst  has  some  good  clue  (either  from 
the  symptoms  or  the  attendant  circumstances)  to  the  nature  of 
tlie  poison  which  has  caused  death,  and  can  at  once  pass  to 
the  best  and  most  convenient  special  process  for  the  discovery 

Iof  the  particular  substance.  In  most  cases,  however,  and 
especially  in  those  where  it  is  doubtful  whether  death  has 
resulted  from  disease  or  from  the  suspected  poison,  a very 
exhaustive  and  methodical  analysis  is  necessary, , and  one  that 
I will  detect  the  majority  of  poisons. 

§ 2.  Symptoms  of  Poisoning. — With  regard  to  symptoms  in  the 
1 investigation  of  a fatal  case  of  poisoning,  the  toxicologist  will 
necessarily  be  guided  by  the  statements  of  others,  for  he  will 
rarely  have  the  opportunity  of  seeing  a similar  case  during  life. 
;On  this  account,  therefore,  a rough  classification  of  poisons, 

1 founded  on  the  principal  symptoms  they  produce,  may  bo  found 
useful  : 

: * Mohr  very  correctly  observes—"  Most  toxicological  or  forensic  Manuals 
ue  burdened  with  unnecessary  ballast.  The  history  of  metals  in  their 
uetallic  state,  of  the  discovery  of  substances,  and  the  description  of  all  the 
'tompounds  of  a poisonous  metal,  do  not  belong  to  forensic,  but  to  general 
phemistry.  What  relation,  for  instance,  Sal-ammoniac,  Saltpetre,  "Alum 
Tartaric,  Citric,  and  Acetic  Acids,  the  Carbonates  of  Potash  and  Ammonia* 
lave  to  Toxicology,  we  cannot  conceive.”— Dr.  F.  Mohr,  "Chemische 
Toxicologic.  ” Braunschweig,  1874,  p.  9. 

R 
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A.  Poisons  causing  Death  immediately,  or  in  a few 
Minutes. 


There  are  but  few  poisons  which  destroy  life  in  a few  minutes. 
Omitting  the  strong  mineral  acids  and  carbonic  anhydride,  with 
the  irrespirable  gases — Prussic  acid,  the  cyanides,  oxalic  acid,  and,, 
occasionally,  strychnine,  are  the  chief  poisons  coming  under  this 
head. 


B.  Irritant  Poisons  (symptoms  mainly  pain,  vomiting,  and 
purging). 

Arsenic,  antimony,  phospliomis,  cantharides,  savin,  ergot,  digitalis, A 
colchicum,  zinc,  mercury,  lead,  copper,  silver,  iron,  baryta,  chrome, A 
yew,  and  laburnum. 


C.  Irritant  and  Narcotic  Poisons  (symptoms  those  of  ai 
irritant  nature,  with  the  addition  of  more  or  less  pro- 
nounced cerebral  indications). 

To  this  class  more  esjiecially  belong  oxalic  acid,  and  the  oxalatesx 
with  several  poisons  belonging  to  the  purely  narcotic  class,  but! 
which  produce  occasionally  irritant  effects. 


D.  Poisons  more  especially  affecting  the  Nervou3( 
System. 


1.  Narcotics  (chief  symptom  insensibility,  Avhich  may  be  pre=| 

ceded  by  more  or  less  cerebral  excitement):  Opium,  chloral* 

cldoroform. 

2.  Deliriants  (delirium  for  the  most  part  a prominent  synipji 
tom)  : Belladonna,  hyoscyamus,  stramonium,  ivith  others  of 
Solanacew,  to  which  may  be  added — fungi,  Indiai 
hemp,  lolium  iemulentum,  cenanthe  crocata,  and  camphor, 

3.  CoNvuLSiVES. — Almost  every  poison  has  been  known  to  pro- 
duce convulsive  effects,  but  the  only  true  convulsive  poisons  aril 
the  alkaloids  of  the  strychnos  class. 

4.  Complex  Nervous  Phenomena:  Aconite,  digitalis,  hemlod 
calabar  bean,  tobacco,  lobelia  inflata,  and  curara. 


§ 3.  M ethod  of  Procedure. — Mineral  substances,  or  liquids  cor 
taining  only  inorganic  matters,  can  cause  no  possible  difficult! 
to  any  one  who  is  practised  in  anal)’^tical  investigation  ; but  th.I 
substances  which  exercise  the  skill  of  the  expert  are  organd 
fluids  or  solids. 

The  first  thing  to  be  done  is  to  note  accurately  the  manner 
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which  the  samples  have  been  packed,  whether  the  seals  have 
been  tampered  with,  whether  the  vessels  or  wrappers  themselves 
are  likely  to  have  contaminated  the  articles  sent ; and  then  to 
make  a very  careful  observation  of  the  appearance,  smell,  colour, 
and  reaction  of  the  matters,  not  forgetting  to  take  the  weight, 
if  solid — the  volume,  if  liquid.  All  these  are  obvious  precautions, 
requiring  no  particular  directions. 

if  the  object  of  research  is  the  stomach  and  its  contents,  the 
latter  sliould  be  carefully  transferred  to  a tall  conical  glass;  the 
organ  cut  open,  spread  out  on  a sheet  of  glass,  and  examined 
closely  by  a lens,  picking  out  any  suspicious-looking  substance  for 
closer  observation.  The  mucous  membrane  should  now  be  well 
cleansed  by  the  aid  of  a wash-bottle,  and  if  there  is  any  necessity 
for  destroying  the  stomach,  it  may  be  essential  in  important  cases 
to  have  it  photographed.  The  washings  having  been  added  to  the 
contents  of  the  stomach,  the  sediment  is  separated  and  submitted 
to  a close  inspection,  for  it  must  be  remembered  that,  irrespective 
of  the  discovery  of  poison,  a knowledge  of  the  nature  of  the  food 
last  eaten  by  the  deceased  may  be  of  extreme  value. 

If  the  death  has  really  taken  place  from  disease,  and  not  fromi 
poison,  or  if  it  has  been  caused  by  poison,  and  yet  no  definite 
hint  of  the  particular  poison  can  be  obtained  either  by  tho^ 
symptoms  or  by  the  attendant  circumstances,  the  analyst  has- 
the  difficult  task  of  endeavouring  to  initiate  a process  of  analysis 
which  will  be  likely  to  discover  any  poison  in  the  animal, 
vegetable,  or  mineral  kingdom.  This,  although  theoretically 
)ossible,  becomes  in  practice  impossible,  and  an  approximation 
.0  it  is  all  that  can  be  aimed  at. 

I Taking  one  of  the  most  difficult  cases  that  can  occur — viz.,  one- 
n which  a small  quantity  only  of  an  organic  solid  or  fluid  is 
d,|vailable — the  best  method  of  procedure  is  the  following: — Place 
he  matters  in  a retort  or  flask,  and  submit  them  to  the  gentle 
eat  of  a water-bath,  condensing  any  volatile  products ; if  neces- 
uy,  water  may  be  added,  and  the  process  continued  a reasonable 
ime ; it  is  then  repeated,  and  should  the  reaction  be  alkaline, 
le  substances  under  examination  are  first  neutralised  (or,  rather, 
ndered  feebly  acid)  with  acetic  acid.  In  this  way  some  indica- 
on  of  such  poisons  as  prussic  acid  and  phosphorus  can  hardly 
11  to  be  obtained;  and  in  order  the  more  readily  to  detect  the' 
dter  substance,  it  is  essential  that  this  preliminary  distillation 
i3  undertaken  in  the  dark,  with  the  precautions  detailed  under 
odihosphorus. 

The  distillation  completed,  the  next  step  is  to  dry  the  sub- 
ances,  which  must  be  eflfected  by  the  heat  of  the  water-bath. 
49  his  heat,  we  may  remark,  and  the  distillation  mentioned  above. 
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may  destroy  not  a few  important  poisons,  but  scarcely  those  of 
more  frequent  occurrence.  The  drying  will  not  be  complete 
unless  carried  out  in  open,  shallow  dishes.  The  dry  residue  is 
now  exhausted  with  hot  absolute  alcohol,  then  with  alcohol  of 
90  per  cent.,  and  lastly  with  ether.  The  ether  and  alcohol 
respectively  are  driven  off,  and  the  extracts  dissolved  in  water, 
and  examined,  not  only  for  alkaloids  and  glucosides,  but  also  for 
organic  acids,  and  those  few  metallic  compounds  which,  like 
corrosive  sublimate,  are  soluble  in  ether  or  alcohol. 

Should  this  lead  to  no  result,  the  last  step  is  to  reunite  all  the 
residues  possible,  and  search  for  inorganic  poison.  This  is  done 
by  distilling  the  dried  substances  with  pure  hydrochloric  acid, 
by  means  of  a sand-bath,  and  properly  condensing  the  products — 
an  operation  which  should  be  repeated  twice  at  least,  and  each 
time  carried  to  dryness. 

The  distillate  is  saturated  with  hydric  sulphide,  and  any  pre-  ■ 
cipitate  collected  and  examined.  The  residue  in  the  retort  will ! 
contain  the  fixed  metals,  such  as  zinc,  copper,  lead,  &c.;  it  isq 
treated  with  dilute  liydrochloric  acid,  filtered,  the  filtrate  satu- 


rated Avith  SHg,  and  any  precipitate  collected.  The  filtrate  is  |l 


now  treated  with  sufficient  acetate  of  soda  to  replace  the  HCl, , 
again  saturated  Avith  SH2,  and  any  precipitate  collected  anclij 


tested  for  zinc.  By  this  treatment,  viz. 


1.  Collecting  the  volatile  products, 

2.  Searching  for  alkaloids,  glucosides,  and  organic  acids, 

3.  Destroying  organic  matter,  and  searching  for  metals, 


a very  fair  and  complete  analysis  may  be  made  from  a rela-.| 
tively  small  quantity  of  material.  There  is,  however,  fortunately,  q 
in  most  cases,  sufficient  material  to  be  obtained  in  order  toil 
admit  of  division  into  a convenient  number  of  parts,  so  that  atfj 
least  one  portion  may  be  reserved  for  the  organic  and  another' 
for  the  inorganic  poisons. 


§ 4.  Destruction  of  Organic  Matter,  etc. — The  destruction  off 


organic  matter  through  simple  distillation  by  means  of  pure*! 
hydrochloric  acid  is  the  most  perfect  Avhich  has  been  devised, 1 
and  far  superior  to  that  by  suljihuric  acid,  chlorate  of  potash,l| 
and  the  carbonisation  methods.  The  object  of  the  chemist  nott 
being  to  dissolve  every  fragment  of  cellular  tissue,  muscle,  and| 
tendon,  but  simply  all  mineral  ingredients,  the  less  organicj 
matter  Avhich  goes  into  solution  the  better.  That  hydrochloricj 
acid  Avould  fail  to  dissolve  sulphate  of  baryta  and  sulphate^ 
of  lead,  and  that  sulphide  of  arsenic  is  also  almost  insoluble  iuj| 
the  acid,  is  no  objection  to  the  process  recommended,  for  it  i- 
always,  open  to  the  analyst  to  treat  the  residue  specially  for  thesqj 
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substances.  The  sulpbides  precipitated  by  liydric  sulphide  from 
an  acid  solution  are — arsenic,  antimony,  tin,  cadmium,  lead, 

I bismuth,  mercury,  copper,  and  silver.  Those  not  precipitated 
i are — iron,  manganese,  and  zinc;  of  tlie  three  last,  one  alone — 
viz.,  zinc — is  of  any  importance. 

As  a rule,  one  poison  alone  is  present;  so  that  if  there  should 
be  a sulphide,  it  will  belong  only  exceptionally  to  more  than  one 
metal. 

The  colour  of  the  precipitate  from  hydric  sulphide  is  either 
yellowish  or  black.  The  yellow  and  orange  precipitates  are 
sulphur,  sulphides  of  arsenic,  antimony,  tin,  and  cadmium.  In 
pure  solutions  they  may  be  almost  distinguished  by  their  different 
hues,  but  in  solutions  contaminated  by  a little  organic  matter 
the  colours  may  not  be  distinctive.  The  sulphide  of  arsenic  is 
of  a pale  yellow  colour;  and  if  the  very  improbable  circumstance 
should  happen  that  arsenic,  antimony,  and  cadmium  occur  in 
the  same  solution,  the  sulphide  of  arsenic  may  be  first  separated 
by  ammonia,  and  the  sulphide  of  antimony  by  sulphide  of  sodium, 
leaving  cadmic  sulphide,  which  is  insoluble  in  both  of  these 
solvents. 

The  black  precipitates  are — lead,  bismuth,  mercury,  copper, 
and  silver.  The  black  sulphide  is  freed  from  arsenic,  if  present, 
by  ammonia,  and  digested  with  dilute  nitric  acid,  which  will 
dissolve  all  the  sulphides,  save  those  of  mercury  and  tin,  so  that 
if  a complete  solution  is  obtained  (sulphur  flocks  excepted),  it  is 
evident  that  both  these  substances  are  absent.  The  presence  of 
copper  is  betrayed  by  the  blue  colour  of  the  nitric  acid  solution, 

I and  through  its  special  reactions ; lead,  by  the  deep  yellow 
precipitate  which  falls  by  the  addition  of  chromate  of  potash  and 
acetate  of  soda  to  the  solution ; bismuth,  through  a white  preci- 
pitate on  dilution  with  water.  If  the  nitric  acid  leaves  a black 
insoluble  I'esidue,  this  is  probably  sulphide  of  mercury,  and 
should  be  treated  with  concentrated  hydrochloric  acid  to  separate 
flocks  of  sulphur,  evaporated  to  dryness,  again  dissolved,  and 
tested  for  mercury  by  iodide  of  potash,  copper  foil,  (fee.,  as 
described  in  the  article  on  Mercury.  Zinc  is  likewise  tested  for 
in  the  filtrate  as  described  in  the  article  on  Zinc. 
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POISONS  DETECTED  MAINLY  BY  DISTILLATION- 
METHODS  : HYDROCYANIC  ACID— 

CHLOBOFORM— PHOSPHOBHS. 


I. -HYDROCYANIC  ACID. 

§ 5.  TTydrocyanic  Acid — Hyclric  cyanide — specific  gravity  of 
liquid  0-7058  at  70°C.,  boiling  point  '26’5®C.  (80°E.),  HCy  = 27. 
The  anhydrous  acid  is  not  an  article  of  commerce,  and  is  only 
met  with  in  the  laboratory.  It  is  a colourless,  transpai’ent 
liquid,  and  so  extremely  volatile  that,  if  a drop  fall  on  a glass 
plate,  a portion  of  it  freezes.  It  has  a very  peculiar  peach- 
blossom  odour,  and  is  intensely  ])oisonous.  It  reddens  litmus 
feebly  and  transiently,  dissolves  red  oxide  of  mercury  freely, 
forms  a white  precipitate  of  argentic  cyanide  when  treated  with 
silver  nitrate,  .and  responds  to  the  other  tests  described  here- 
after. 

§ 6.  Medicinal  Preparations  of  Prussic  Acid. — The  B.P.  acid  is  a 
watery  solution  of  prussic  acid ; its  specific  gravity  should  be  0'997, 
and  it  should  contain  2 per  cent,  of  the  anhydrous  acid.  2 per 
cent,  is  also  the  amount  specified  in  the  pharmacopeias  of 
Switzerland  and  Norway,  and  in  that  of  Borussica  (YI.  ed.) ; the 
latter  ordains,  however,  a spirituous  solution,  and  the  Nor- 
wegian an  addition  of  T per  cent,  of  concentrated  sulphuric  .acid. 
The  French  prussic  acid  is  ordei’ed  to  be  prepared  of  a strength 
equalling  10  per  cent. 

The  adulterations  or  impurities  of  prussic  acid  are  hydrochloric, 
sulphuric,*  and  formic  acids.  Traces  of  silver  may  be  found  in 
the  French  acid,  which  is  prep.ared  from  C}\anide  of  silver.  Tar-  • 
tai’ic  .acid  is  also  occ.asionally  present.  Hydrochloric  acid  is  most 
re.adily  detected  by  neutralising  with  ammonia,  and  evaporating  : 
to  dryness  in  a water-bath;  the  ammonium  cyanide  decomposes  • 

* A trace  of  sulphuric  or  hydrochloric  acid  should  uot  be  called  an  ( 
adulteration,  for  it  gre.atly  assists  the  preservation,  and  therefore  makes  the  ^ 
acid  of  greater  therapeutic  efficiency. 
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and  volatilises,  leaving  as  a saline  residue  chloride  of  ammonium. 
This  may  easily  be  identified  by  the  precipitate  of  chloride  of 
silver,  which  its  solution  gives  on  testing  with  silver  nitrate,  and 
by  the  deep  brown  precipitate  with  Nessler  solution.  Sulphuric 
acid  is,  of  coui-se,  detected  by  chloride  of  barium,  formic  acid  by 
boiling  a small  quantity  with  a little  mercurous  oxide;  if  present, 
the  oxide  will  be  reduced,  and  metallic  mercury  fall  as  a grey 
precipitate.  Silvei*,  tartaric  acid,  and  any  other  fixed  impurities 
are  detected  by  evaporating  the  acid  to  dryness,  and  examining  any 
residue  which  may  be  left.  It  may  be  well  to  give  the  various 
strengths  of  the  acids  of  commerce  in  a tabular  form  : — 


British  Pharmacopeia,  Switzerland,  Norway,  and  Bor. 

Per  cent. 

(vj),  2 

Prance, 

• • • 

10 

Vauquelin’s 

Scheeles’s 

Acid,  . 

. * > .> 

. 4 to  5*- 

Kiner’s 

) > • 

10 

Pvobiquet’s 

J > • 

50 

Schraeder's 

? > • • 

1-5 

Duflos’s 

? 1 • • 

9 

Pfaff’s 

9 ) • 

10 

Koller's 

7 ) • 

. 

25 

I In  English  commerce  the  analyst  will  scarcely  meet  Avith  any 
lacid  stronger  than  Scheeles’s  5 per  cent. 

I § 7.  Poisoning  hy  Prussic  Acid. — Irrespective  of  suicidal  or 
I criminal  poisoning,  accidents  from  prussic  acid  may  occur — 

I 1.  From  the  use  of  the  cyanides  in  the  arts, 
j 2.  From  the  somewhat  extensive  distribution  of  the  acid,  or 
jrather  of  prussic-acid-producing  substances  in  the  vegetable 
I kingdom. 

I 1.  In  the  Arts. — The  galvanic  silveringf  and  gilding  of  metals, 
jydiotography,  the  colouring  of  black  silks,  the  manufacture  of 
iBcidin  blue,  the  dyeing  of  Avoollen  cloth,  and  in  a few  other 
ij  manufacturing  processes,  the  alkaline  cyanides  are  employed,  and 
loot  unfrequently  fumes  of  prussic  acid  developed. 

2.  In  the  VegetaMe  Kingdom. — A large  number  of  plants  con- 
^tain  amygdaline,  or  bodies  formed  on  the  type  of  amygdaline.  In 
•the  presence  of  emulsin  (or  similar  principles)  and  water,  this 

* Strength  very  uncertain. 

; t The  preparation  used  for  the  silvering  of  copper  vessels  is  a solution  of 
jcyanide  of  silver  in  potassic  cy^auide,  to  which  is  added  finely  powdered 
ichalk.  Manipulations  with  this  fluid  easily  develop  hydrocyanic  acid 
[fumes,  which,  in  one  case  related  by  Martin  (Aerlzl.  Intelligenzhl.,  yi.  135 
1872),  were  powerful  enough  to  produce  symptoms  of  poisoning.  * 
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breaks  up  into  prussic  acid  and  other  compounds — an  interest- 
ing reaction  Usually  represented  thus — 

C20H27NO11  + 2H2O  = CNH  -i-  CyHeO  + 2C0H12OC 

1 equivalent  of  amygdaline — i.e.,  457  parts — yielding  1 equivalent 
of  CNH  or  27  parts  ; in  other  words,  100  parts  of  amygdaline 
yield  theoretically  5‘909  parts  of  prussic  acid,*  so  that  the 
amount  of  either  being  known,  the  other  can  be  calculated 
from  it. 

The  following  plants,  with  many  others,  all  yield,  by  appropri- 
ate treatment,  more  or  less  prussic  acid  : — Bitter  almonds  (^Amyg- 
dalus  communis)  ; the  Amygdalus  g)0Tsice  ; the  cherry  laurel  {Pru- 
nus  laurocerasus) ; the  kernels  of  the  plum  [Primus  domestica) ; 
the  bark,  leaves,  flowers,  and  fruit  of  the  wild  service-tree  [Prunus 
padus) ; the  kernels  of  the  common  cherry  and  the  apple ; tlie 
leaves  of  the  Prunus  capricida;  the  bark  of  the  Pr.  virginiana; 
the  flowers  and  kernels  of  the  Pr.  spinosa;  the  leaves  of  the  Cerasus- 
acida  ; the  bark  and  almost  all  parts  of  the  Sorhus  ancup>uria,  S. 
hybrida  and  S.  torminalis;  the  young  twigs  of  the  Cratcegus 
oxycantha;  the  leaves  and  partly  also  the  flowers  of  the  shrubby 
Spirceacea,  such  as  Sjnrea  aruncus,  S.  sorbifolia,  and  S.  japonica  ;-j* 
together  with  the  roots  of  the  bitter  and  sweet  Cassava. 

In  only  a few  of  these,  however,  has  the  exact  amount  of  either 
prussic  acid  or  amygdaline  been  determined  ; 1 grm.  of  bitter 
almond  pulp  is  about  equal  to  2h  mgrms.  of  anhj'^drous  prussic- 
acid.  The  kernels  from  tlie  stones  of  the  cherry,  according  to 
Geiseler,  yield  3 per  cent,  of  amygdaline  ; therefore,  1 grm.  equals 
1-7  mgrm.  of  HCN.  From  the  kernels  of  the  wild  service 
tree,  Hermann  separated  14  per  cent,  of  amygdaline  (1  grm.  = 
IICN,  '8  mgrm.);  Biegel,  from  the  flower,  fruit,  and  bark,  1 per 
cent.  (1  grm.  =HClSr,  '6  mgrm.);  and  Frances,];  in  a recent  re- 
search on  the  prussic  acid  in  cassava  root,  gives  as  the  mean  in  the 
sweet  cassava  ‘01 G8  per  cent.,  in  the  bitter  '0275  per  cent.,  the 
maximum  in  each  being  respectively  ‘0238  per  cent,  and  -0442  per 
cent.  The  bitter  fresh  cassava  root  has  louse  been  known  as  a 
very  dangerous  poison;  but  the  sweet  has  hitherto  been  considered 
harmless,  althougli  it  is  evident  that  it  also  contains  a consider- 
able quantity  of  prussic  acid. 

* According  to  Liebig  and  Wohler,  17  grms.  of  amygdaline  yield  1 of 
prussic  acid  (i.e.,  5 '7  per  cent.)  and  8 of  oil  of  bitter  almonds.  34  parts  of 
amygdaline,  mixed  with  66  of  emulsin  of  almonds,  give  a fluid  equalling  the- 
strength  of  acid  of  most  pharmacopeias,  viz. , 2 per  cent. 

t The  bark  and  green  parts  of  the  Prunus  avium,  L.,  Prunus  mahaleh,  L,r 
and  herbaceous  Sjnrcex  yield  no  prussic  acid. 

t-  On  Prussic  Acid  from  Cassava,  Analyst,  April,  1877,  p.  5. 
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In  cases  of  criminal  poisoning  by  prussic  acid,  the  defence 
not  unfrequently  insists  upon  the  poison  developing  internally 
through  fruit  previously  eaten ; and  in  some  cases  it  may  be 
advisable  for  the  analyst  to  make,  if  possible,  special  quantitative 
experiments  on  the  fruits  the  deceased  is  supposed  or  known  to 
have  eaten. 

§ 8.  Action  of  Prussic  Acid  on  the  Blood. — Hydrocyanic  acid 
combines  wuth  the  hoemoglobin  of  the  blood,  and  is  slowly  excreted  ; 
it  also  more  than  any  other  poison  prevents  the  exchange  of 
oxygen.  If  blood  saturated  with  hydrocyanic  acid  be  treated  in 
an  absorption  tube  with  pure  oxygen,  the  gas  is  not  absorbed,  nor 
is  the  colour  of  the  blood  changed;  if  blood  saturated  with  oxygen 
be  confined  over  mercury,  and  a little  hydrocyanic  acid  in  solu- 
tion be  added,  there  is  a gradual  development  of  gas,  which  is  found 
to  consist  of  oxygen  and  carbonic  anhydride. 

Hydrocyanic  acid  appears  to  form  a definite  crystalline  compound 
with  the  blood ; and  Ploppe  Seyler  has  observed  crystals  from 
blood  containing  HCN,  in  which  the  latter  was  in  such  powerful 
combination,  that  they  crystallised  out  of  waimi  water.  By 
distillation  wdth  an  acid,  prussic  acid  was  obtained.'^  Balph-j- 
has  described  blue  masses,  like  Berlin  blue,  in  the  blood,  which  he 
considers  characteristic  of  hydrocyanic  acid  poisoning.  Dragen- 
dorff  has  specially  looked  for  this  appearance,  but  has  failed  to 
find  the  blue  substance. 

According  to  Schonbein,  the  blood  corpuscles  possess  the 
power  of  decomposing  peroxide  of  hydrogen  into  water  and  oxy- 
gen ; they  lose  this  property  if  the  blood  contains  hydrocyanic 
acid.  In  the  latter  case  an  addition  of  peroxide  of  hydrogen;}; 
produces  a brown  colour  with  the  blood,  and  causes  the  spectro- 
scopic bands  to  disappear.  As  we  have  stated,  this  brown  colour 
is  not  produced  by  normal  blood.  Normal  blood,  again,  effer- 
vesces (owing  to  the  escape  of  oxygen)  when  treated  Avith  hydric 
peroxide ; this  does  not  take  place  with  the  cyanised  blood. 
Caspar  speaks  very  favourably  of  these  characteristics  as  con- 
firmatory tests  in  cases  of  suspected  prussic  acid  poisoning.§  In 
performing  the  test  with  cyanide  of  potash,  the  alkali  decomposes- 
hydric  peroxide,  and  it  is  necessary  to  neutralise  with  an 
acid.  1 1 

* Virchow's  Archiv.  fur  Path.  Anat.  Bel.  38,  p.  435. 

+ Journ.  of  Microscop.  Science.  London,  new  series,  Oct.  24,  1866. 

J Peroxide  of  hydrogen  is  an  article  of  commerce  ; should,  however,  none 
he  at  hand,  it  may  be  prepared  by  heating  baryta  in  a current  of  air,  then  by 
the  action  of  dilute  HCl  in  the  peroxide  of  barium  a solution  of  H2O3  is 
obtained. 

§ Handhich,  6th  ed.,  p.  497. 

11  Judell,  Die  Vergiftung  mit  Blausaure.  Erlangen,  1876. 
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§ 9.  Fatal  Dose  of  Hydrocyanic  Acid  and  Cyanide  of  Potash,  &c. 
— Dr.  Taylor  considers  that  1 grain  (G-4  centigrms.)  of  anhy- 
<lrons  prussic  acid  would  commonly  suffice  to  destroy  the  life  of  an 
adult.  The  smallest  dose  of  cyanide  of  potassium  which  has 
Jiitherto  been  known  to  destroy  life,  is  a little  less  than  5 grains. 

§ 10.  Tests  for  Hydrocyanic  Acid  and  Cyanide  of  Potassium. — 

(1.)  The  addition  of  silver  nitrate  to  a solution  containing  prus- 
sic acid,  or  a soluble  cyanide,*  produces  a precipitate  of  argentic 
cyanide.  100  jiarts  of  ai’gentic  cyanide  are  composed  of  80'60 
Ag  and  19 '4  CN,  equivalent  to  21’ 4 HClSr.  It  is  a white 
anhydrous  precipitate,  soluble  either  in  ammonia  or  in  a solution 
of  cyanide  of  potassium,  but  insoluble  in  dilute  nitric  acid  and 
water.  Upon  ignition  it  is  decomposed  into  CN  and  metallic  silver, 
mixed  with  a little  paracyanide  of  silver. 

A veiy  neat  process  for  the  identification  of  cyanide  of  silver 
is  the  following  : Place  the  perfectly  dry  cyanide  in  a closed  or 
sealed  tube,  containing  a few  crystals  of  iodine.  On  heating  slightly 
iodide  of  cyanogen  is  sublimed  in  beautiful  needles.  These  ciys- 
tals  again  may  be  dissolved  in  a dilute  solution  of  potash,  a little 
fei'rous  sulphate  added,  and  hydi’ochloric  acid,  and  in  this  way 
Prussian  blue  produced.  If  the  quantity  to  be  tested  is  small,  the 
vapour  of  the  acid  may  be  evolved  in  a very  short  test  tube,  the 
mouth  of  which  is  closed  by  the  ordinary  thin  discs  of  microscopic 
glass,  tire  under  surface  of  which  is  moistened  with  a solution  of 
ziitrate  of  silver;  the  resulting  crystals  of  silver  cyanide  are  very 
characteristic,  and  readily  identified  by  the  microscope. 

(2.)  If,  instead  of  silver  nitrate,  the  disc  be  moistened  with  a 
solution  of  sulphate  of  iron  (to  which  has  been  added  a little 
])otash),  and  exposed  to  the  vapour  a short  time,  and  then  some 
dilute  hydrochloric  acid  added,  the  moistened  surface  first 
becomes  yellow,  then  green,  lastly,  and  permanently,  blue.  No 
other  blue  compound  of  iron  (with  the  exception  of  Prussian 
blue)  is  insoluble  in  dilute  hydrochloric  acid. 

(3.)  A third  and,  perhaps,  the  most  delicate  of  all,  is  the 
so-called  sulphur  test.  A yellow  sulphide  of  ammonium  contain- 
ing free  sulphur  is  pi'epared  by  saturating  ammonia  by  Sllg,  fii’st 
suspending  in  the  fluid  a little  finely-precipitated  sulphur  (or  an 
old,  ill-preserved  .solution  of  sulphide  of  ammonium  may  be  used). 
Two  watch-glasses  are  now  taken;  in  the  one  the  fluid  containing 
prussic  acid  is  put,  and  the  second  (previously  moistened  with 
the  sulphide  of  ammonium  described)  is  inverted  over  it.  The 
glasses  are  conveniently  placed  for  a few  minutes  in  the  water- 
oven  ; the  upper  one  is  then  removed,  the  moist  surface  evapo- 

* In  the  case  of  testing  in  this  way  for  the  alkaline  cyanides,  the  solution 
anust  contain  a little  free  nitric  acid. 
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I'ated  to  dryness  in  the  water-bath,  a little  water  added,  and 
then  a small  drop  of  solution  of  chloride  of  iron  ; if  hydrocyanic 
■acid  is  present,  the  sulphocyanide  of  iron  will  be  formed  of  a 
striking  blood-red  colour. 


I 

I 

' i 
1 ! 

' I 


(4.)  The  reaction  usually  called  Schdnbein’s,  or  Pagenstecher  anul 
Schdnbein’s* * * §  (but  long  known,t  and  used  before  the  publication 
■of  their  paper),  consists  of  guiacum  paper,  moistened  with  a very 
dilute  solution  of  sulphate  of  copper  (1  : 2000);  this  becomes  blue 
if  exposed  to  the  vapour  of  hydrocyanic  acid.  Unfortunately, 
the  same  reaction  is  produced  by  ammonia,  ozone,  nitric  acid, 
hypochlorous  acid,  iodine,  bromine,  chromate  of  potash,  and 
other  oxidising  agents,  so  that  its  usefulness  is  greatly  restricted. 

(5.)  A very  delicate  test  for  prussic  acid  is  as  follows  : — About 
one-half  centigrm.  (2  grains)  of  ammonia,  ferrous  sulphate  (or 
other  pure  ferrous  salt),  and  the  same  quantity  of  uranic  nitrate, 
are  dissolved  in  50  cc.  of  water,  and  1 cc.  of  this  test-liquid  is 
placed  in  a porcelain  dish.  On  now  adding  a drop  of  a liquid 
containing  the  smallest  quantity  of  prussic  acid,  a grey-purple 
■colour,  or  a distinct  purple  precipitate,  is  pi’oduced.J 

(6.)  A hot  solution  of  potassic  cyanide,  mixed  with  picric  acid, 
assumes  a blood-red  colour,  due  to  the  formation  of  picrocyanic 
acid.  Free  HCN  does  not  give  this  reaction,  and  therefore  must 
first  be  neuUalised  by  an  alkali. 

All  these  tests,  where  there  is  sufficient  material,  can  be 
dh'ectly  applied  either  to  the  solution  of  prussic  acid  itself,  or  to 
that  of  cyanide  of  potash  ; where  necessary,  neutralising  the  one 
with  an  alkali,  and  acidifying  the  other  Avith  an  acid — cyanide  of 
potash  readily  yielding  free  prussic  acid. 

§ 11.  Prussic  Acid  or  Cyanide  of  Potash  in  Organic  Matters  {such 
as  the  contents  of  the  stomach,  &c.).§ — The  substances,  if  fluid, 
are  at  once  placed  in  a retort  or  fla.sk,  after  acidification  with 
sulphuric  acid ; if  solid,  they  may  be  finely  divided  or  pulped, 
and  distilled  with  acidulated  water.  It  has  hithei’to  been  the 
custom  to  perform  this  operation  by  the  moderate  heat  of  a 


* Neves  Repert.  der  Pharm.,  18,  356. 

t “ This  reaction  (with  tincture  of  guiacum  and  copper)  has  be''ii  long 
known.  I remember  a pharmaceutist,  who  attended  my  fatlier’s  laboratory, 
showing  me  this  test  in  1828  or  1829.” — Mohr’s  “Toxicologic,”  ]).  92. 

+ M.  Casey  Lea. — Ainer.  Journ.  of  Science  [3],  ix.  121-123;  J.  C.  Society, 
1876,  vol.  i.,  p.  112. 

§ In  the  search  for  cyanides,  the  analyst  must  not  commit  the  unpardonable 
error  of  first  producing  a cyanide  by  reagents  acting  on  animal  matters,  and 
then  detecting  as  a poison  the  cyanide  thus  manufactured.  If,  for  example, 
J a healthy  liver  is  carbonised  by  nitric  acid,  saturated  with  potash,  and  then 
burnt  up,  cyanide  of  potash  is  always  one  of  the  products ; and,  indeed,  the 
ashes  of  a great  variety  of  nitrogenous  organic  substances  may  contain 
flcyanides — cyanides  not  pre-existfng,  but  manufactured  by  combination. 
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water-bath,  receiving  the  distillate  in  a little  weak  potash  water, 
and  not  prolonging  the  process  beyond  a few  hours  ; and,  indeed, 
for  the  mere  detection  of  prussic  acid  this  is  quite  sufficient. 
The  experiments  of  Sokoloff,  however,  throw  a grave  doubt  on 
the  suitability  of  this  simple  method  for  quantitative  results. 

bi.  Sokololf  recommends  the  animal  substances  to  be  treated 
by  water  strongly  acidified  with  hydric  sulphate,  and  then  to  bo 
distilled  in  the  water-bath  for  from  two  to  three  days  ! or  to  be 
distilled  for  twenty-four  hours,  by  the  aid  of  an  oil-bath,  at  a high 
temperature.  He  gives  the  following  example  of  quantitative 
analysis  by  the  old  process  of  merely  distilling  for  a few  hours, 
and  by  the  new  : — 

Old  Process. — (1.)  Body  of  a hound — age,  two  yeai'S  j weight, 
5180  grms.j  dose  administered,  57  mgrms.  HCH  ; death  in  fifteen 
minutes.  After  five  days  there  was  found  in  the  saliva  0*6  mgrm., 
stomach  3*2  mgrms.,  in  the  rest  of  the  intestines  2 '6  mgrms.,  in 
the  muscles  4T — total,  10-5. 

(2.)  Weight  of  body,  4000  grins. ; dose  given,  38  mgrms. ; death 
in  eleven  minutes.  After  fifteen  days,  in  the  saliva  0*8,  in  the 
stomach  7'2,  in  the  rest  of  the  intestines  2'2,  in  the  muscles  3'2 

— total,  13  4. 

Neio  Process. — Weight  of  body,  5700  grins.;  dose,  57  mgrms.; 
death  in  twenty-four  minutes.  After  fifteen  days,  in  the  saliva 
I’l  mgrm.,  in  the  stomach  2-G,  in  the  rest  of  the  intestines  9-6,  in 
the  muscles  31'9,  and  in  the  whole,  45’2  mgrms.  Duration  of 
process,  thirteen  hours. 

From  a second  hound,  weighing  G800  grms.,  dose  57  mgrms., 
25  T mgrms.  were  separated  tliree  days  after  death. 

From  a third  hound,  weighing  5920  grms.,  dose  98  mgrms. ; after 
forty  days,  by  distillation  on  a sand-bath,  there  were  separated 
* 2-8  mgrms.  from  the  saliva,  4‘8  from  the  stomach,  IG'8  from  the 
intestines,  23'G  from  the  muscles — total,  48  mgrms. 

It  would  also  appear  that  he  has  separated  51-2  mgrms.  of 
anhydrous  acid  from  the  corpse  of  a dog  which  had  been 
poisoned  by  57  mgrms.  of  acid,  and  buried  sixty  days.t 

From  another  canine  corpse,  three  days  laid  in  an  oven,  and 
left  for  twenty-seven  days  at  the  ordinary  temperature,  5T  mgrms. 
were  recovered  out  of  a fatal  dose  of  38  mgrms. 

The  estimation  was  in  each  case  performed  by  titrating  the 
distillate  with  argentic  nitrate,  the  sulphur  compounds  having 
been  previously  got  rid  of  by  saturating  the  distillate  with  KHO, 
and  precipitating  by  lead  acetate. 

* Ber.  d.  deutsch.  Chem.  Oesellsch.  Berlin,  ix.  1023. 

t Without  wishing  to  discredit  the  statements  of  M.  Sokoloff,  we  may  point 
out  that  a loss  of  half  a dozen  milligrammes  only  appears  rather  extraordinary. 
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§ 12.  How  long  after  Death  can  Prussic  Acid  and  Cyanide  of 
Potash  he  Detected?^ — SokolofFf  appears  to  have  separated  prussic 
acid  from  the  body  of  hounds  at  very  long  periods  after  death, 
in  one  case  sixty  days ; Dragendorff  recognised  cyanide  of  potash 
in  the  stomach  of  a hound  after  it  had  been  four  weeks  in  his 
laboratory,!  and  in  man  eight  days  after  buxial.  Caspar 
also,  in  Ids  211th  case,  states  that  more  than  18  mgi’ms.  of 
anhydrous  prussic  acid  were  obtained  from  a corpse  eight  days 
after  death, § so  that  even  in  very  advanced  stages  of  putrefaction, 
and  at  periods  after  death  extending  beyond  two  months,  the 
detection  of  prussic  acid  cannot  be  pronounced  impossible. 

§ 13.  Estimation  of  Hydrocyanic  Acid  or  Potassic  Cyanide. — 
In  all  cases  the  readiest  method  of  estimating  prussic  acid 
(whether  it  be  in  the  distillate  from  organic  substances,  or  in 
aqueous  solution),  is  to  saturate  the  liquid  with  soda  or  potash, 
and  titrate  the  alkaline  cyanide  thus  formed  with  nitrate  of  silver. 
The  process  is  based  on  the  fact  that  there  is  first  formed  a 
soluble  compound  (KCy,  AgCy),  which  the  slightest  excess  of 
silver  breaks  up,  and  the  insoluble  cyanide  is  at  once  precipi- 
tated. If  grains  are  used,  17  grains  of  nitrate  of  silver  are 
dissolved  in  watei',  the  solution  made  up  to  exactly  1000  grain 
measures,  each  grain  measure  equalling  -0054  grain  of  anhydrous 
hydrocyanic  acid.  If  grammes  are  employed,  the  strength  of  the 
nitrate  of  silver  solution  should  be  1'7  grm.  to  the  litre,  each 
cc.  then  = -0054  hydrocyanic  acid,  or  -01302  grm.  of  potassic 
cyanide. 

Essential  oil  of  bitter  almonds  may  also  be  titrated  in  this 
way,  provided  it  is  diluted  with  sufficient  spirit  to  prevent 
turbidity  from  separation  of  the  essential  oil.  If  hydrocyanic 
acid  is  determined  gravimetrically  (which  is  sometimes  con- 
venient, when  only  a single  estimation  is  to  be  made),  it  is  pre- 
cipitated as  cyanide  of  silver,  the  characters  of  wliich  have  been 
already  described. 

Hydric  sulphocyanide,  HSCN,  in  very  large  doses  is  poisonous. 
Sulphocyanide  of  potash  (according  to  Dubreuil  and  Legros),||  if 

* In  opening  a body  where  prussic  acid  is  suspected  as  the  cause  of  death, 
it  may  be  well  to  follow  the  advice  of  Caspar,  and  deviate  from  the  regular 
coui-se,  by  opening  the  head  first.  The  odour  of  prussic  acid  will  probably 
be  purer  and  more  perceptible  in  the  brain  than  in  the  stomach  and  intestines, 
in  which  a very  foul  smell  is  nearly  always  present  (“  Haudbuch  der  Gericht- 
lichen  Medicin,”  p.  495).  The  odour  of  prussic  acid  is  generally  perceptible  in 
poisoning  by  potassic  cyanide,  for  the  latter  is  so  easily  decomposed,  the 
former  being  one  of  the  products. 

t See  ante.,  p.  252. 

t Dragendorff,  G.,  Beitr.  zur  Gericht.  Chem.,  p.  59. 

§ Caspars  “ Tract.  Handbuch  der  Gerichtlichen  Medicin,”  p 5G1 

^ Gompt.  Bend.,  t.  64,  p.  1256,  1867. 
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subcutaneously  injected,  causes  first  local  paralysis  of  tlie  muscles, 
and  later  convulsions. 


II.— CHLOEOFORM  AND  CHLORAL. 

§ 14.  Chloroform — CHClg,  specific  gravity  1-497,  boiling  point  i 
C1°C.  (142°F.) — is  a colourless,  volatile  liquid,  of  high  refracting 
power,  soluble  in  alcohol  and  ether,  but  dissolving  very  sparingly 
in  watei’.  Accidents  from  time  to  time  occur  from  the  use  of 
chloroform,  and  it  may  come  under  the  notice  of  the  chemist  as  | 
a poison.  Occasionally,  but  very  rarely,  it  is  found  adulterated,  ( 

the  common  sophistications  or  impurities  being  alcohol,  wood-  | 

spirit,  methylated  chloroform,  aldehyde,  free  hydrochloric  and  i 
hydrochlorous  acids. 

xilcohol. — The  chloroform  of  commerce  usuallv  contains  a i 

%/ 

small  amount  of  alcohol,  and  if  this  does  not  exceed  G per  cent.  1 

it  would  be  unwise  to  consider  it  an  adulteration.  The  detection  | 

of  alcohol  may  be  effected  by  Davy’s  test  (see  p.  127),  or  by  ferrous  i 

dinitro  sulphide.  The  latter  may  be  made  by  the  action  of  \ 

ferric  chloride  on  a mixture  of  potassic  nitrate  and  ammonic  i 

sulphide,  and  on  shaking  it  up  with  the  chloroform  a green  i 

colour  will  be  produced,  if  alcohol  is  present.  Other  tests  are — \ 

(1.)  The  specific  gravity  : if  there  is  any  considerable  adulteration  i 

with  alcohol,  this  will,  of  course,  be  much  under  1-49;  and  (2.) 
the  behaviour  in  water:  if  the  chloroform  be  dropped  into  I 

water,  the  drops  (instead  of  sinking  as  pure  pellucid  beads)  will 
become  quite  opaque  should  alcohol  be  present,  and  on  shaking  > 
the  mixture  up  it  will  become  milky. 

MetJhylated  Chloroform,  owing  to  the  presence  of  about  G 
per  cent,  of  an  empyreumatic  oil,  leaves  an  unpleasant  odour 
behind  it,  if  permitted  to  evaporate  spontaneously  on  a cloth. 

Aldehyde  reduces  nitrate  of  silver,  and  hydrochloric  acid  can  be 
detected  by  the  reaction  of  the  liquid,  and  also  by  the  ordinary 
niti’ate  of  silver  test. 

§ 15.  The  Detection  and  Separation  of  Chloroform  from  organic 
substances  is  not  difficult,  its  low  boiling  point  causing  it 
to  distil  readily.  Accordingly  (whatever  may  bo  the  ultimate 
modifications,  as  suggested  by  different  experimenters),  the 
first  step  is  to  bring  the  substances,  unless  fluid,  into  a pulp  | 

with  water,  and  submit  this  pulp  to  distillation  by  the  heat  of  a i 

water-bath.  If  the  liquid  operated  upon  possesses  no  particular 
odour,  the  chloroform  may  in  this  way  be  recognised  in  the  i 
distillate,  which,  if  necessary,  may  be  redistilled  in  the  same 
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manner,  so  as  to  concentrate  the  volatile  matters  in  a small 
compass.  Generally,  liowever,  offensive  animal  matters  present 
will  complicate  the  analysis,  and  it  will  then  be  necessary  to 
determine  chloroform  by  the  fact  that  its  vapour  may  be  decom- 
posed at  a red  heat  into  chlorine  and  hydrochloric  acid.  The 
various  methods  of  obtaining  this  reaction  are — 

(a.)  The  flask  containing  the  pulp  may  have  a glass  tube  in 
connection,  dipping  into  nitrate  of  silvex',  and  carrying  one  or 
two  pieces  of  litmus  papei',  the  tube  to  be  heated  in  one  spot 
with  the  flame  of  a Bunsen  buimer  or  spirit  lamp. 

(6.)  The  tube  from  the  flask  may  pass  through  a combustion 
furnace,  and  the  decomposed  vapoxxr  be  finally  drawn  (by  means' 
of  an  aspirator)  through  Liebig’s  bulbs,  containing  an  acid  solu- 
tion of  silver  nitrate;  or  air  maybe  pi’opelled  through  the  whole 
appai’atxis  by  a system  of  bellows. 

(c.)  The  same  arrangement  as  in  (b.)  may  be  adopted,  using 
pieces  of  caustic  lime  in  the  combustion  tube.  The  chlorine 
combines  with  the  lime  to  foi’m  chloidde  of  lime,  which  may  be 
dissolved  in  dilute  nitric  acid,  and  precipitated  by  nitrate  of 
silvei'. 

In  any  or  all  of  the  above  cases,  if  the  weight  of  the  chloride 
of  silver  is  known,  the  amount  of  chloroform  may  be  calculated, 
143'5  Ag,  NO3  = 39’83  CHClg.  Should  the  cii’cumstances  of  the 
case  permit  of  a few  drops  of  chloroform  itself  being  obtained 
pxire,  it  may  be  identified  by  what  is  usxially  termed  Hoffmann’s, 
test — viz.,  warming  the  chlorofoi’m  with  aniline  and  alcoholic 
soda-lye,  which  produces  isonitril,  easily  detected  by  its  odour.* 

§ 16.  Chloral. — This  being  easily  decomposed  into  chloroform, 
tests  for  the  latter  pai’tly  apply  to  it  also.  It  may,  howevei*,  be 
readily  separated  fr-om  its  wateiy  solution  by  petrolexxm  ethei’, 
or  by  ether;  the  latter  is  prefei’able.  Chloral,  through  normal 
soda  solution,  is  immediately  decomposed  into  foi-miate  of  soda 
and  chlox'ofoi’m,  a reaction  which  forms  a ready  means  of  quanti- 
tative estimation.  Excess  of  soda-lye  being  added,  the  liquid  is. 
titrated  back,  1 cc.  of  noi’mal  soda-lye  cori'esponding  to  0T655 
gi’m.  of  chloral  hydrate.  Should  an  acid  already  be  present,  it 
may  be  neutralised  by  carbonate  of  lime,  without  injuiy  to  the? 
result. 


* Iodoform,  bromoform,  and  chloral  also  I'ospond  to  this  test- 
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III.— PHOSPHOEUS. 


§ 17.  Fhos^jJiorus. — Atomic  weight  31,  specific  gravity  1‘77  to 
1'840,  melting  point  44°C.,  boiling  point  about  290°C.  The 
phosphorus  of  commerce  is  usually  in  the  form  of  waxy  semi- 
transparent sticks,  preserved  imder  water;  if  exposed  to  the  air, 
white  fumes  are  given  ofi‘,  with  a peculiar  onion-like  odour ; and 
if  observed  in  the  dark,  there  is  emission  of  a spontaneous  light. 
Phosphorus  is  easily  inflammable,  insoluble  in  watei’,  slightly 
soluble  in  alcohol  and  ether,  somewhat  more  so  in  fatty  and 
ethereal  oils,  and  to  a still  greater  extent  in  bisuljihide  of  carbon. 
Phosphorus  exists  in,  or  can  be  converted  into,  another  allotropic 
modification, — viz.,  the  red  or  amorphous  phosphorus;  this 
variety  is,  however,  not  poisonous,*  and  therefore  need  not  be 
described  here.f 

§ 18.  Phosphuretted  Iljidrogen. — Ph,ospldne,  PHo,  mol.  weight 
34,  specific  gravity  1T78,  percentage  composition  91 ‘43  phos- 
phorus; 8’57  'hydi'ogen  by  weight.  The  absolutely  pure  gas  is 
not  spontaneously  inflammable,  but  that  made  by  the  ordinary 
process  is  so.  It  is  a colourless,  highly  poisonoits  gas,  which  does 
not  support  combustion,  but  is  itself  combustible,  burning  to 
phosphoric  acid  (PHg  + 2O2  = PO^Hg).  Extremely  dangerous 
explosive  mixtures  may  be  made  by  combining  phosphine  and 
air  or  oxygen.  Phosphine,  when  quite  dry,  buims  with  a white 
flame,  but  if  mixed  with  aqueous  vapour  it  is  green;  hence  a 
hydrogen  flame  containing  a mixture  of  PHg  possesses  a green 
colour. 

If  sulphur  is  heated  in  a stream  of  phosphine,  hydric  sulphide 
and  sulphur  phosphide  are  the  products.  Oxides  of  the  metals, 
heated  with  phosphine,  yield  phosjflndes  with  formation  of  water. 
Iodine,  warmed  in  phosphine,  gives  white  crystals  of  iodine  phos- 
phouium,  and  biniodide  of  phosphorus,  51  -i-  IPHg  = 3PIH^  -t-  Pl2. 
Chlorine  inflames  the  gas,  the  final  result  being  hydric  chloride 
and  chloride  of  phosphorus,  PHg  -f  8C1  = 3C1H  + PCI5.  One  of  the 
most  important  decompositions  for  our  purpose  is  the  action  of 
phosphine  on  a solution  of  nitrate  of  silver;  there  is  a separation 


■*  A hound  took  200  grms.  of  red  phosphorus  iu  twelve  days,  and  remained 
healthy. — (Sonnenschein. ) 

t The  commercial  red  phosphorus  does,  however,  contain  small  quantities 
of  ordinary  phosphorus— according  to  Fresenius,  from  0‘0  per  cent,  down- 
wards. It  also  contains  phosphorous  acid,  and  about  4'o  per  cent,  of  other 
impurities,  among  which  is  graphite.— Sciirutter,  Chem.  Hews,  Vol.  xxxvi., 


of  metallic  silver,  and  nitric  and  jihosphoric  acids  are  found  in 


p.  198. 
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The  excess  of  silver  can  be  separated  by  liydric  chloride,  and  the 
phosphoric  acid  made  evident  by  the  addition  of  molybdic  acid, 
in  excess — a test  which  is  one  of  the  best  we  have  for  phosphine, 
and  hence  for  phosphorus. 

§ 19.  The  Medicinal  Preijarations  of  Phosphorus  are  not 
numerous;  it  is  usually  prescribed  in  the  form  of  pills,  often 
made  by  manufacturers  of  coated  pills  on  a large  scale.  Besides 
pills,  there  is  a phosphorated  oil;  that  of  the  French  pharma- 
copeia is  made  with  1 part  of  dried  phosphorus  dissolved  in  50 
parts  of  warm  almond  oil;  that  of  the  German  has  1 part  in 
80;  the  strength  of  the  former  is  therefore  2 per  cent.,  of  the 
latter  1’25  per  cent. 

§ 20.  Matches  and  Vermin  Pastes. — An  acquaintance  with  the 
percentage  of  phosphorus  in  the  different  pastes  and  matches 
of  commerce  will  be  found  useful.  Most  of  the  vermin-destroy- 
ing pastes  contain  about  2 per  cent,  of  phosphorus,  but  matches 
differ  much  in  composition.  Six  match-heads,  which  had  been 
placed  in  an  apple  for  criminal  purposes,  and  were  submitted 
to  Tardieu,  were  found  to  contain  20  mgrms.  of  phosphorus, 
i.e.,  33  grms.  in  100.  Mayet  found  in  100  matches  55  mgrms. 
of  phosphorus.  Some  of  the  published  formularies  are  as 
follows  ; — 


(1.)  Glue, 

()  parts. 

Phosphorus, 

4 ,,  or  14‘S  per  cent. 

Nitre, 

• 10  „ 

Red  Ochre,. 

5 ,, 

Blue  Smalts, 

o 

• J J 

(2.)  Phosphorus, 

9 parts,  or  IG‘3  per  cent. 

Gum, 

• 16  „ 

Nitre, 

• 14  „ 

Smalts, 

• 16  „ 

(3. ) Phosphorus, 

4 parts,  or  1 4 ‘8  per  cent. 

Glue,  . 

6 ,, 

Nitre, 

• 10  „ 

Red  Lead,  . 

5 ,, 

Smalts, 

o 

(4. ) Phosphorus, 

17  parts,  or  17  per  cent. 

Glue, 

. 21  „ 

Nitre, 

• 38  „ 

Red  Lead,  . 

. 24  ,, 

Phosphorus- poisoning  by  matches  will,  however,  shortly 
l)ecome  very  rare,  for  those  containing  the  ordinary  variety  of 
[thosphorus  are  gradually  being  superseded  by  matches  of  excel- 
lent quality,  which  contain  no  phosphorus  whatever. 

§ 21.  Phosphorus  as  a Poison.  — Phosphorus  of  late  years  has 

s 
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come  into  very  extensive  use  in  medicine  ; but  in  England 
comparatively  few  cases  of  poisoning  by  its  means  are  on  record. 
In  the  writer’s  experience,  however,  it  is  very  commonly  used 
for  the  destruction  of  animals  by  country  people,  when  prompted 
by  revenge  or  other  underhand  motives,  the  choice  of  the  drug 
being  doubtless  owing  to  the  facility  with  which,  under  the  form 
of  “ rat  poison,”  it  can  be  obtained. 

§ 22.  Fatal  Dose. — The  smallest  fatal  dose  on  record  is  that 
mentioned  by  Lobenstein  Lobel,  of  J ena,  where,  it  would  appear, 
a lunatic  died  from  taking  one-eighth  of  a grain.  Other  cases 
are  also  to  be  found  in  works  of  jurisprudence,  which  prove 
that  less  than  one  grain,  taken  in  a single  dose,  may  destroy 
life. 

§ 23.  The  Detection  of  Phosphorus. — The  following  are,  in  brief, 
the  chief  tests  for  the  detection  of  phosphorus: — * 

1.  Mitscherlich’s  Process. — The  essential  feature  of  this  process 
is  simply  distillation  of  free  phosphorus,  and  observation  of  its 
luminous  properties  as  the  vapour  condenses  in  the  condensing 
tube.  The  conditions  necessary  for  success  are — (1.)  that  the 
appai’atus  should  be  in  total  darkness  ;f  and  (2.)  that  there 
should  be  no  substance  present,  such  as  alcohol  or  ammonia, 
which,  distilling  over  with  the  phosphorus-vapour,  could  destroy 
its  luminosity.  A convenient  apparatus,  and  one  certain  to  be 
in  all  laboratories,  is  an  ordinary  Florence  flask,  containing 
the  liquid  to  be  tested,  fitted  to  a glass  Liebig’s  condenser, 
supported  on  an  iron  sand-bath  (which  may,  or  may  not,  have  a 
thin  layer  of  sand),  and  heated  by  a Fletcher’s  low  temperature 
bunier  — the  distillate  is  received  into  a flask.  This  apparatus, 
if  in  darkness,  works  well ; Imt  should  the  observer  wish  to  work 
in  daylight,  the  condenser  must  be  enclosed  in  a box  perfectly 
impervious  to  light,  and  having  a hole  through  which  the  - 
luminosity  of  the  tube  may  be  seen,  the  head  of  the  operator  and 
the  box  being  covered  wflth  a cloth.  If  there  be  a stream  of  ‘ 
water  passing  continuously  through  the  condenser,  a beautiful 
luminous  ring  of  light  appears  in  the  upper  part  of  the  tube,  ? 
where  it  remains  fixed  for  some  time.  Should,  however,  the 
refrigeration  be  imperfect,  the  luminosity  travels  slowly  down  the  j 
tube  into  the  receiver.  In  any  case,  the  delicacy  of  the  test  is 

* It  has  been  recommended  to  dissolve  the  phosphorus  out  from  organic 
matters  by  carbonic  disulphide.  On  evajioration  of  the  latter,  the  phos- 
])horus  is  recognised  by  its  physical  properties.  Such  a method  is  of  but: 
limited  application,  although  it  may  sometimes  be  found  useful.  The  writer 
has  successfully  employed  it  in  the  extraction  of  phosphorus  from  the  cropi 
of  a fowl ; but  on  this  occasion  it  happened  to  be  present  in  large  quantity. l 

t Any  considerable  amount  of  phosi)horescence  can,  however,  oe  observed*  i 
in  twilight. 
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extraordinary.’""  If  the  organic  liquid  is 
I alkaline,  or  even  neutral,  there  will  certainly 
he  some  evolution  of  ammonia,  which  will 
distil  over  before  the  phosphorus,  and  retard 
(or,  if  in  sufficient  quantity,  destroy)  the 
luminosity.  In  such  a case  it  is  well,  as  a 
precaution,  to  add  enough  sulphuric  acid 
to  fix  the  ammonia,  omitting  such  addition 
if  the  liquid  to  be  operated  upon  is  acid. 


The  Production  of  Phosphine,  PHg. — 


Any  method  which  produces  phosphuretted 
hydrogen,  enabling  that  gas  to  be  passed 
througli  nitrate  of  silver  solution,  may  be 
used  for  the  detection  of  phosphorus.  Thus, 
Sonnenschein  states  that  he  has  found  phos- 
phorus in  extraordinarily  small  amount, 
mixed  with  various  substances,  by  heating 
vith  potash  in  a flask,  and  passing  the  phos- 
phine into  silver  nitrate,  separating  the 
excess  of  silver,  and  recognising  the  phos- 
;ihoric  acid  by  the  addition  of  molybdate  of 
immonia.t 

3.  Tests  Dependent  on  the  Comhustion  of  Phos- 


phine, PHg. — A hydrogen  flame,  containing 


Duly  a minute  trace  of  phosphorus,  or  of  the 
ower  products  of  its  oxidation,  acquires  a 
>eautiful  green  tint,  and  possesses  a charac- 
:eristic  spectrum.  In  order  to  obtain  the 
attor  in  its  best  form,  the  amount  of  phos- 
hine  m;ist  not  be  too  large,  or  the  flame 
fvill  become  whitish  and  livid,  and  the  bands 
ose  their  defined  character,  rendering  the 
pectrum  continuous.  Again,  the  orifice  of 
he  tube  whence  the  gas  escapes  must  not 
)6  too  small ; and  the  best  result  is  obtained 
v'hen  the  flame  is  cooled. 

M.  Salet  has  proposed  two  excellent 
lethods  for  the  observation  of  phosphine  by 
he  spectroscope  : — 


* Fresenius  states  that  he  and  Neubauer,  with  1 
,igrm.  of  phosphorus  in  200, 000,  recognised  the  light, 
hich  lasted  for  half  an  hour. — Zeitschr.  f.  Anal, 
diem.,  i.,  p.  336. 

t Sonnenschein,  “Haudbuch  der  Gerichtlichen 
'hemie.”  Berlin,  1869. 
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Fig.  15. 


Several  of  the  details  of  this  apparatus  may  be  modified  at  thf 
convenience  of  the  operator.  A is  a vessel  containing  sulphurid 
acid ; B‘  is  partly  filled  with  granulated  zinc,  and  hydi’ogeiij 


zinc, 

may  be  developed  at  pleasure ; c contains  a solution  of 

can  be  lit ; 


of  silver  ; is  a tube  at  which  the 


nitrat(l| 
fiasl^ 


(1.)  He  projects  the  phosphoiuis-flame  on  a plane  vertical 
surface,  maintained  constantly  cold  by  means  of  a thin  layer  of 
running  water ; the  green  colour  is  especially  produced  in  the 
neighbourhood  of  the  cool  surface. 

(2.)  At  the  level  of  the  base  of  the  flame,  there  is  an  annular 
space,  through  which  a stream  of  cold  air  is  continually  blown 
upwards.  Thus  cooled,  the  light  is  very  pronounced,  and  the  red 
band,  S97'03  (Fig.  14),  which  is  almost  invisible  in  the  ordinary 
method  of  examination,  is  plainly  seen.  The  accompanying  dia^ 
gram  (p.  259)  is  taken  from  Boisbaudran,^*''  and  figures  accurately 
the  relative  position  of  the  lines  of  a slightly  cooled  phosphine 
flame. 

An  apparatus  (devised  by  Blondlot,  and  improved  by  Fresenius) 
for  the  production  of  the  phosphine  flame  in  medico-legal 
1‘csearch,  is  represented  in  the  following  diagram  : — ■ 


* Spectres  Lumincux,  par  ]\T.  Lecoq  de  Boisbaiulran.  Paris,  1874.  Se 
also  Cliristolle  and  Beilstrom’s  .4 in  Frese7ih(s,  Zdtchr.  f.  Jnal 
dhem.,  B,  2,  p.  465,  and  B.  p.  147. 
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containing  the  fluid  to  be  tested,  and  provided  with  a tube,  /,  at 
which  also  the  gas  issuing  can  be  ignited — the  orifice  should 
be  provided  with  a platinum  nozzle.  When  the  hydrogen  has 
displaced  the  air,  both  tubes  are  lit,  and  the  two  flames,  being 
side  by  side,  can  be  compared.  Should  any  phosphorus  come  over 
from  the  zinc  (a  possibility  wliich  the  interposed  silver  nitrate 
ought  to  guard  against)  it  is  detected  ; the  last  flask  is  now  gently 
warmed,  and  if  the  flame  is  green,  or,  indeed,  in  any  case,  it  should 
be  examined  by  the  spectroscope.^ 

4.  Lipoioitzs  Sulphur  Test. — Sulphur  has  the  peculiar  property 
of  condensing  phosphorus  on  its  surface,  and  of  this  Lipowitz  pro- 
posed to  take  advantage.  Pieces  of  sulphur  are  digested  some 
time  with  the  liquid  xmder  research,  subsequently  removed,  and 
slightly  dried.  When  examined  in  the  dai*k,  should  phosphorus 
be  present,  they  gleam  strongly  if  rubbed  with  the  finger,  and 
evelop  a pliosphorous  odour.  The  test  is  wanting  in  delicacy, 
or  can  it  well  be  made  quantitative;  it  has,  however,  an  advan- 
age  in  certain  cases,  e.g.,  the  detection  of  phosphorus  in  an  alco- 
lolic  liquid. 

Scheerer's  Test. — The  reducing  action  of  phosphorous  acid 
n silver  nitrate  furnishes  a very  delicate  test.  A piece  of  filter 
japer,  soaked  in  solution  of  nitrate  of  silver,  and  suspended  in  a 
lask  containing  phosphorus  (or  a liquid  in  which  phosphorus  is 
n suspense),  soon  turns  black.  SHg  must  of  course  be  excluded, 
o that  its  presence  shoxild  be  tested  for  by  a similar  paper  pre- 
iously  dipped  in  a sohition  of  lead  acetate.t 
A combination  of  these  various  methods  is  useful,  if  phos- 
horus  should  be  present  in  very  small  quantity.  The  substances 
re  distilled  in  an  atmosphere  of  CO9 — the  distillate  (which  may 
learn  when  shaken  up  with  air,  and  would  thus  give  evidence  of 
hosphorus)  is  decomposed  by  neutral  nitrate  of  silver ; the  pre- 
pitate  is  collected,  washed,  and  then  put  in  the  apparatus  for 
jveloping  hydrogen,  already  figured  and  described.  As  an 
Iditional  precaution,  the  gas  may  be  made  to  pass  over  pumice- 
■.one  moistened  with  caustic  potash. 

§ 24.  How  long  can  Phosp)horus  he  recognised  after  Death  ? — 
e of  the  most  important  matters  for  consideration,  is  the  time 
ter  death  in  which  free  phosphorus,  or  free  phosphoric  acids, 
n be  detected.  Any  phosphorus  changed  into  aramon.  mag. 
osphate,  or  into  any  other  salt,  is  for  medico-legal  purpo.ses 
tirely  lost,  since  tlie  expert  can  only  take  cognisance  of  tin* 

F.  Sehni  has  proposed  the  simple  dipping  of  a platinum  loop  into  a 
id  containing  phosi^horic  acid,  and  then  inserting  it  into  the  tip  of  a 
-Irogen  flame. 

t Arsine  also  blackens  nitrate  of  silver.  (See  the  article  on  Arsenic.) 
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substance  either  in  a free  state,  as  phosphine,*  or  as  a 
free  acid. 

The  question,  again,  may  be  asked  in  court — Does  the  decom- 
position of  animal  substances  rich  in  phosphorus  develop  phos- 
phine ? The  answer  to  this  is,  that  no  such  reaction  has  been 
obsei'ved. 

A case  is  related  (in  Pharm.  Zeitscli.f.  Pussl.;  Jahrg.  2,  p.  87) 
in  which  phosphorus  was  recognised,  although  the  body  had  been 
buried  for  several  Aveeks,  and  then  exhumed. 

The  expert  of  pharmacy  of  the  Provincial  Government  Board 
of  Breslau  has  also  made  some  experiments  in  this  direction,  Avhich 
are  Avorthy  of  note: — Four  guinea-pigs  were  poisoned,  each  by 
0-023  grin,  of  phosphorus;  they  died  in  a feAv  hours,  and  Avere 
buried  in  sandy  loam  soil  0'5  metre  deep.  Exhumation  of  the 
first  took  place  four  Aveeks  after.  The  putrefying  organs — heart, 
liver,  spleen,  stomach,  and  all  the  intestines,  tested  by  Mitscher- 
lich’s  distilling  method — shoAved  chai'acteristic  phosphorescence 
for  nearly  one  hour. 

The  second  animal  Avas  exhumed  after  eight  weeks  in  a highly 
putrescent  state.  Its  enti-ails,  on  distillation,  shoAved  the  plios-  - 
phorescent  appearance  for  thirty-fiAm  minutes.  ' 

The  third  animal  was  taken  from  the  earth  after  twelve  Aveeks, , 
but  no  free  phosphorus  could  be  detected,  although  there  Avasi 
evidence  of  the  lower  form  of  oxidation  (POo)  by  Blondlot’st  i 
method. 

The  fourth  animal  Avas  exhumed  after  fifteen  weeks,  but:  ' 
neither  free  phosphorus  nor  PO3  could  be  detected. t 

A man,  as  well  as  a cat,  Avas  poisoned  by  phosphorus.  On: 
analysis,  twenty-nine  days  after  death,  negative  results  Avercr  ' 
alone  obtained.  {Sonnenschein.) 

It  Avill  thus  be  evident  that  there  is  no  constant  rule,  and' 
that,  even  Avhen  decomposition  is  much  ad\mnced,  an  examina-: 
tion  may  be  successful. 

The  organs  to  be  examined  for  phosphorus  are,  principally,  the* 
stomach,  with  its  contents,  and  the  liver.  If  not  found  in  either,: 
it  may  yet  be  detected  in  the  intestines,  for  in  one  case  it  Avoulcb 
appear  that  DragendorfF  found  phosphorus  in  the  coecuin,  an(b 
noAvhere  else.  The  urine  should  also  be  tested  ; in  several  cases- 
a strong  alliaceous  odour  has  been  observed,  leading  to  the| 
detection  of  small  quantities  of  phosphorus.  J 

* A partial  change  of  pliosphorus  into  phosphine  in  the  system  is  declaredi  • 
to  occur  by  Schnehardt  and  Dybkowsky ; l)ut  tliis  again  is  denied  by  Bucheini-i  ( 

+ VkrteJjahrsschrift  far  Gerichtliche  Median.  "Jau.  7,  187C.  See  alsot 
Zeitschr.f.  Anal.  Chemie.  1872. 

t See  Selmi,  Gazz.  Clam.  Ital.,  iv.  478. 
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§ 25.  Tlie  Quantitative  Estimation  of  Phosphorus  is  best  carried 
out  by  oxidising  it  into  phosphoric  acid,  and  estimating  as  amm. 
magnesian  phosphate.  To  efiect  this,  the  substances  are  distilled 
in  an  atmosphere  of  CO2  into  a flask  Avith  Avater,  to  Avhich  a tiibe 
containing  silver  nitrate  is  attached  ; the  latter  retains  all  phos- 
phine, the  former  solid  phosphorus.  If  necessary,  the  distillate 
may  be  again  distilled  into  AgNOg;  and  in  any  case  the  contents 
of  the  U tube  and  flask  are  mixed,  oxidised  Avith  nitromuriatic 
acid,  filtered  from  silver  chloride,  and  the  phosphoric  acid  deter- 
mined in  the  usual  Avay. 

In  the  case  of  a child  poisoned  by  lucifer  matches,  Sonnen- 
schein  estimated  the  free  phosphorus  in  the  folloAving  A\'ay  : — 
The  contents  of  the  stomach  Avere  diluted  Avith  Avater,  a measured 
part  filtered,  and  the  phosphoric  acid  estimated.  The  other  por- 
tion Avas  then  oxidised  by  HCl  and  potassic  chlorate,  and  the 
phosphoric  acid  estimated — the  difference  being  calculated  as 
free  phosphorus. 


PART  III. 


ALKALOIDS  AND  POISONOUS  VEGETABLE  PEUST- 
CIPLES  SEPAEATED  EOE  THE  MOST  PAET 
BY  ALCOHOLIC  SOLVENTS. 


I. —ALKALOIDS. 

§ 26.  General  Tests  for  Alkaloids. — In  order  to  ascertain  wlietlier 
an  alkaloid  is  present  or  not,  a method  of  extraction  must  be 
pursued  which,  while  disposing  of  fatty  matters,  salts,  &c.,  shall 
dissolve  as  little  as  possible  of  foreign  substances;  such  a method, 
e.g.,  as  the  original  process  of  Stas,  or  one  of  its  modern  modifi- 
cations. 

If  to  the  acid  aqueous  solution  finally  obtained  by  this  method 
a dilute  solution  of  soda  be  added,  drop  by  drop,  until  it  is  ren- 
dered feebly  alkaline,  and  no  'precipitate  appear,  whatever  other 
poisonous  plant-constituents  may  be  present,  alkaloids  are  absent. 

In  addition  to  this  negative  test,  there  are  also  a number  of 
substances  which  give  Avell-marked  crystalline  or  amorphous 
precipitates  with  alkaloids.  Such  are — tannic,  picric,  silico-tnng- 
stic,  phospho-tungstic,  and  phosphomolybdic  acids,  a few  of  which 
will  be  described  in  detail. 

(1.)  Phosphomolybdic  Acid  as  a Reagent  for  Alkaloids. — Prepa- 
ration : Molybdate  of  ammonia  is  precipitated  by  phosphate  of 
soda;  and  the  well- washed  yellow  pi’ecipitate  is  suspended  in 
water  and  warmed  with  carbonate  of  soda,  until  it  is  entirely  dis- 
solved. This  solution  is  evaporated  to  dryness,  and  the  ammonia 
fully  expelled  by  heating.  If  the  molybdic  acid  is  fairly  reduced 
by  this  means,  it  is  to  be  moistened  by  nitric  acid,  and  the  heat- 
ing repeated.  The  now  dry  residue  is  warmed  with  water,  nitric 
acid  added  to  strong  acid  reaction,  and  the  mixture  diluted  with 
water,  so  that  10  parts  of  the  solution  contain  1 of  the  dry  salt. 
The  precipitates  of  the  alkaloids  are  as  follows : — 
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Aniline, 

Bright-yellow,  flocculent. 

Morphine , . 

• • • 59  V 

Narcotine,  . 

Brownish -yellow,  ,, 

Quinine, 

Whitish-yellow,  ,, 

Cinchonine, 

Codeine, 

! Brownish-yellow,  voluminous. 

Strychnine, 

White  yellow,  ,, 

Brucine, 

. . . Yolk-j^ellow,  flocculent. 

Veratrine,  . 

Bright-yellow,  ,, 

Jervin, 

• • • 95  99 

Aconitine,  . 

• • • 99  99 

Emetin, 

• • • ^ 99  99 

'J’heiue, 

Bright-yellow,  voluminous. 

Theobromine, 

• • • ^ 9 9 99 

Solanine,  . 

Citron-yellow,  pulverulent. 

Atropine,  . 

Bright-yellow,  flocculent. 

Hyoscyamine,  . 

• • • 99  99 

Colchicine, 

Orange-yellow,  ,, 

Delphinine, 

. . . Gray-yellow,  voluminous. 

Berberin, 

Dirty-yellow,  flocculent. 

Conine, 

Bright -j’^ellow,  voluminous. 

Isicotin, 

• • • 5 5 ^ 5 

Piperin, 

. . ..  Brownish-yellow,  flocculent. 

(2.)  Silico-Tungstic  Acid  as  a Reagent  for  Alkaloids. — Sodium 
ungstate  is  boiled  with  freshly- precipitated  gelatinous  silica.  To 
the  solution  is  added  mercurous  nitrate,  which  precipitates  the 
I yellow  mercurous  silico  tungstate.  This  is  filtered,  well  washed, 
and  decomposed  by  an  equivalent  quantity  of  hydrochloric  acid  j 
^ -iilico-tungstic  acid  then  goes  into  solution,  and  mercurous  chloride 
li  ^calomel)  remains  behind.  The  clear  filtrate  is  evaporated  to 
Irive  off  the  excess  of  hydrochloric  acid,  and  frumishes,  on  spon- 
;aneous  evaporation,  large,  shining,  colourless  octahedra  of  silico- 
kCi  Aingstic  acid,  which  effloresce  in  the  air,  melt  at  36°C.,  and  are 
easily  soluble  in  water  or  alcohol. 

This  agent  produces  no  insoluble  precipitate  with  any  metallic 
;alt.  Ccesium  and  rubidium  salts,  even  in  dilute  solutions,  are 
>recipitated  by  it ; neutral  solutions  of  ammonium  chloride  give 
y vith  it  a white  precipitate,  soluble  with  difficulty  in  large  quan- 
ities  of  water.  It  precipitates  solutions  of  the  salts  of  quinine, 
icr  inchonine,  morphine,  atropine,  etc. ; if  in  extremely  dilute  solu- 
iiiiion,  an  opalescence  only  is  pi’oduced:  for  instance  it  has  been 
bserved  that  cinchonia  hydrochlorate  in  ttoWOo"’  quinia  hydro- 
j llilorate  in  yowct’  ™orphia  hydrochlorate  in  dilution,  all 

iiave  a distinct  opalescence.  {Archiv  der  Pharm.,  Nov.,  Dr. 
J I lichard  Godeffroy. ) 

(3.)  ScJieibler' s Method  for  Alkaloids : Phospho-Tiingstic  Acid. — 
^;ih'dinary  commercial  sodium  tungstate  is  digested  with  half  its 
0 ; eight  of  phosphoric  acid,  specific  gravity  IT 3,  and  the  whole 
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allowed  to  stand  foi'  some  days,  when  the  acid  separates  in  crys- 
tals. A solntion  of  these  crystals  will  give  a distinct  precipitate 
with  the  most  minute  quantities  of  alkaloids,  o-yoViTo  strych- 
nine, and  xTTiyWo  quinine.  The  alkaloid  is  liberated  by  digestion 
with  barium  hydrate  (or  calcium  hydrate) ; and  if  volatile,  may  be 
distilled  off ; if  fixed,  dissolved  out  by  chloroform.  In  complex 
mixtures  colouring  matter  may  be  removed  by  plumbic  acetate, 
the  lead  thrown  out  by  SH9,  and  concentrated,  so  as  to  remove 
the  excess  of  SHg. 

(4.)  Selmi’s  Process  for  seioarating  Alhaloids. — A method  of  sepa- 
rating alkaloids  from  an  ethereal  solution  has  been  recently  pro- 
})Osed  by  Selmi.*  The  alcoholic  extract  of  the  viscera,  acidified  and 
filtered,  is  evaporated  at  65°C.  ; the  i-esidue  taken  up  with  water, 
filtered,  and  decolorised  by  basic  acetate  of  lead.  The  lead  is 
thrown  out  by  sulphuretted  hydrogen  ; the  solution  after  con- 
centration repeatedly  extracted  Avith  ether ; and  the  ethereal 
solution  saturated  with  dry  COg,  which  generally  precipitates 
some  of  the  alkaloids.  The  ethereal  solution  is  then  poured  into 
a clean  vessel,  and  mixed  Avith  about  half  its  volume  of  Avater, 
through  Avhich  a current  of  COg  is  passed  for  20  minutes ; this 
may  cause  the  precipitation  of  other  alkaloids  not  throAAm  doAvn 
by  dry  COg.  If  the  Avhole  of  the  alkaloids  are  not  obtained  by 
these  means,  the  solution  is  dehydrated  by  agitation  with  barium 
oxide,  and  a solution  of  tartai’ic  acid  in  ether  is  added  (care  being 
taken  to  avoid  excess) ; this  throws  doAvn  any  alkaloid  still 
present.  The  detection  of  any  yet  remaining  in  the  A'iscera  is 
effected  by  mixing  Avith  barium  hydrate  and  a little  Avater,  and 
agitating  Avith  imrified  amylic  alcohol  ; from  the  alcohol  the 
alkaloids  may  be  subsequently  extracted  by  agitation  Avith  very 
dilute  sulphuric  acid. 

§ 27.  2Iethods  of  Se2Mration. 

(1.)  Stas's  Process.  — The  original  method  of  Stast  (after- 
Avards  modified  by  OttoJ),  consisted  in  extraction  of  the 
oi’ganic  matters  by  strong  alcohol,  with  tlie  addition  of  tartaric 
acid  ; the  filtered  solution  Avas  then  carefullv  neutralised  with 
soda,  and  shaken  up  Avith  ether,  the  ethereal  solution  being 
separated  by  a pipette.  Subsequent  chemists  proposed  chloroform 
instead  of  ether,  § the  additional  use  of  amyl-alcohol,  |1  and  the 

F.  Selmi,  Gazeit.  Clam.  Ital.,  vj.  153-156,  and  Journ.  Chem.  Soc.,  i-i 
1877,  93. 

+ Annal.  d.  Chem.  u.  Pharm.,  84.  379. 

t Ib.  100.  44.  “ Anleitung  zur  Ausmittel  d.  Gifte.”  _ ^ 

§ llodgers  and  Girwood,  Pharm.  Journ.  and  Trans.,  16.  497  ; Prollin’s 
Chem.  Centralb.,  1857,  231  ; Thomas,  Zeitschr.fur  Anahjt.  Chem.  i.,  517, 
l!  Erdmann  and  v.  [Jslar,  Ann.  Chem.  Pharm.,  cxx.,  121-360. 
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substitution  of  acetic,  hydrochloric,  or  sulphuric  for  tartaric 
acid. 

But  to  Dragendorlf  we  owe  decidedly  the  best  general  method 
of  separation,  since  it  is  applicable  not  only  to  alkaloids,  but  to 
glucosides,  and  other  active  principles  derived  from  plants.  His 
process  is  essentially  a combination  of  those  already  known,  and 
its  distinctive  features  are  the  shaking  up — (1.)  of  the  acid  fluid 
with  the  solvent,  thus  removing  colouring  matters  and  certain 
non-alkaloidal  principles;  and,  (2.)  of  the  same  fluid  made  alkaline. 
The  following  is  his  method  in  full.  It  may  be  advantageously 
used  when  the  analyst  has  to  search  generally  for  vegetable 
poison,  although  ik  is,  of  course,  far  too  elaborate  for  every  case  ; 
and  where  from  any  circumstance  there  is  good  ground  for  sus- 
pecting the  presence  of  one  or  two  paikicular  alkaloids  or  poisons, 
the  process  may  be  much  shortened  and  modified.  * 

(2.)  Dragendorff's  Process. 

I.  The  substance,  in  as  finely-divided  form  as  possible,  is 
digested  for  a few  hours  in  water  acidified  with  sulphuric  acid, 
at  a temperature  of  40°  to  50°C.,  and  this  operation  is  repeated  two 
or  three  times,  with  filtering  and  pressing  of  the  substances ; 
later,  the  extracts  are  united.  This  treatment  (if  the  tempera- 
ture mentioned  is  not  exceeded)  does  not  decomj^ose  the  majority 
of  alkaloids  or  other  active  substances  ; but  there  are  a few  {e.g., 
solanine  and  colchicine)  which  would  be  altered  by  it ; and  if 
such  are  suspected,  maceration  at  the  common  temperature  is 
necessary,  with  substitution  of  acetic  for  sulphuric  acid.f 

II.  The  extract  is  next  evaporated  until  it  begins  to  be  of  a 
syrupy  consistence ; the  residue  mixed  with  three  to  four  times 
its  volume  of  alcohol,  macerated  for  twenty-four  hours  at  about 
34°C.,  allowed  to  become  quite  cool,  and  filtered  from  the 
foreign  matters  which  ha-ve  separated.  The  residue  is  washed 
with  alcohol  of  70  per  cent. 

III.  The  filti'ate  is  freed  from  alcohol  by  distillation,  the 
watery  residue  poured  into  a capacious  flask,  diluted  (if  neces- 
sary) with  water,  and  filtered.  Acid  as  it  is,  it  is  extracted  at  the 
common  temperature,  with  frequent  shaking,  by  freshly-rectified 
petroleum  ether;  and  after  the  fluids  have  again  separated,  the 
petroleum  ether  is  removed,  carrying  with  it  certain  impurities 

* Dragendorff’s  ‘‘ Gerichtlich  chemisdie  Ermittelung  A^on  Giften.”  St. 
Petersburg,  1876,  p.  141. 

t When  blood  is  to  be  examined  it  is  better  to  dry  it,  and  then  poAvder  and 
extract  AA’ith  water  acidified  Avith  dilute  sulphuric  acid.  HoAve\'er,  if  the 
so-called  volatile  alkaloids  are  suspected,  this  modification  is  to  be  omitted. 
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(colouring  matter,  &c.),  wliicli  are  in  this  way  advantageously 
displaced.  By  this  operation  ethereal  oils,  carbolic  acid,  picric 
acid,  &c.,  which  have  not  been  distilled,  besides  piperin,  may 
also  be  separated.  The  shaking  up  with  petroleum  ether  is 
repeated  several  times  (as  long  as  anything  remains  to  be 
dissolved),  and  the  products  are  evaporated  on  several  watch- 
glasses. 


RESIDUE  OF  PETROLEUM  ETHER  FROM  THE 
ACID  SOLUTION. 


1.  It  is  Crystal- 
line. 


2.  It  IS  Amorphous. 


3.  It  is  Volatile, 
with  a power- 
ful odour:  ethe- 
real oil,  carbolic 
acid,  (he. 


A.  It  is  tixed. 


a.  Concentrated 
sulphuric  acid  dis- 
solves it  imme- 
diately—violet,  and 
later  greenish-blue  : 
Constituents  of  the 
black  hellebore. 


A.  It  is  yellowish, 
and  with  difficulty 
volatilised. 

«.  The  crystals 
ai’e  dissolved  by  con- 
centrated sulphuric 
acid,  with  the  pro- 
duction of  a clear 
yellow  colour,  pass- 
ing into  brown 
and  greenish-brown, 

Piperin. 

/3.  The  solution  in  sulphuric 
acid  remains  yellow;  cyanide 
of  potash  ami  caustic  potash 
colour  it,  on  warming,  blood-red. 

Picric  acid. 

E.  It  is  Colourless,  Liquid- 
ises EASILY,  AND  SmELLS 
Strongly, 

Camphor  and  similar  matters. 


i3.  It  dissolves  with  a yellow 
colour,  chanojing  into  fallow- 
brown. 

Constituents  of  aconite 

and  products  of  the  decom- 
position of  aconitine. 

B.  It  is  White,  Sharp-Tasting, 
AND  BeDDENS  the  SkIN. 

Capjsicin. 


It  may  be  expected  that  the  substances  mentioned  under  the 
heads  1,  2,  and  3,  will  be,  in  general,  fully  obtained  by  degrees, 
lliis  is  not  the  case,  however,  as  regards  jiiperin  and  picric  acid. 

IV.  The  watery  fluid  is  now  similarly  shaken  up  with  benzine, 
and  the  benzine  removed  and  evaporated.  Should  the  evaporated 
residue  show  signs  of  an  alkaloid  (and  especially  of  theine),  the 
watery  fluid  is  treated  several  times  with  a fresh  mixture  of 
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benzine,  till  a little  of  tlie  last-obtained  benzine  exti’acbion  leaves 
on  evaporation  no  residue.  The  benzine  extracts  are  now 
united,  and  washed  by  shaking  with  distilled  water ; again 
separated  and  filtered,  the  greater  part  of  the  benzine  distilled 
from  the  filtrate,  and  the  remainder  of  the  fluid  divided  and 
evaporated  on  sevex’al  watch-glasses. 

The  evaporated  residue  may  contain  theine,  colchicine,  cubebin, 
digitaline,  cantharidin,  colocynthin,  elaterin,  caryophylline, 
absyntliin,  cascarillin,  populin,  santonin,  &c.,  and  traces  of 
veratrine,  delphinine,  physostigmine,  and  berberin. 

A remnant  of  piperin  and  picric  acid  may  remain  from  the 
I previous  treatment  with  petroleum  ether. 


THE  BENZINE  BESIDUE  EBOM  THE  ACID  SOLUTION. 


1.  It  IS  Crystalline. 

A.  Well-formed,  Colourless 
Crystals. 

a.  Sulphuric  acid  dissolves 
I the  hair-like  crystals  without 
jchange  of  colour;  evaporation 
jwith  chlorine  water,  and  subse- 
Iquent  treatment  with  ammonia, 
jgives  a murexide  reaction. 

Theine. 

Sulphuric  acid  leaves  the 
rhombic  crystals  uncoloured. 
Che  substance,  taken  up  by  oil, 
ind  applied  to  the  breast,  pro- 
luces  a blister.  Canthardin. 

y.  Sulphuric  acid  leaves  the 
icaly  crystals  at  first  un- 
loloured,  then  slowly  develops 
i reddening.  It  does  not  blis- 
ter; warm  alcoholic  potash-lye 
lolours  it  a transitory  red. 


2.  It  is  Amorphous. 

A.  Colourless  or  Pale  Yel- 
low Eesidue. 

a.  Sulphuric  acid  dissolves 
it  at  first  yellow ; the  solution 
becoming  later  red.  Frohde’s  re- 
agent does  not  colour  it  violet. 

Elaterin. 


/3.  Sulphuric  acid  dissolves 
red;  Frohde’s  reagent  violet- 
red  ; tannic  acid  does  not  pre- 
cipitate. Fopulin. 

y.  Sulphuric  acid  dissolves  it 
extremely  red ; Frohde’s  reagent 
a beautiful  cherry-red ; tannic 
acid  precipitates  a yellowish- 
white.  Colocynthinin. 


Santonin. 

3.  Sulphuric  acid  dissolves 
lulie  spherical  grains  orange-yel- 
;t  ow,  and  this  solution  is  coloured 
>y  nitric  acid  a transitory  violet. 
■ c.  Sulphuric  acid  colours  the 
:rystals  almost  black,  whilst  it 
akes  itself  a beautiful  red 
■'  ;olour.  Cuhehin. 


3.  Sulphuric  acid  colours  it 
gradually  a beautiful  red,  whilst 
tannin  does  not  precipitate. 
Constituents  of  the  Pimento. 
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B,  Crystals  Pale  to  Clear 
Yellow. 
a.  Piperin. 


(3.  Picric  Acid. 


y.  Caustic  potasli  dissolves  it 
purple.  Aloetin. 

C.  Mostly  undefined  Colour- 
less Crystals. 


a.  Sulphuric  acid  dissolves  it 
green  brown ; bromine  colours 
this  solution  red  ; dilution  with 
water  again  green.  The  sub- 
stance renders  the  heart-action 
of  a frog  slower.  Digitcdine. 

(5.  Sulphuric  acid  dissolves  it 
orange,  then  bi'own,  lastly 
red-violet.  Nitric  acid  dissolves 
it  yellow,  and  water  sejiarates 
as  a jelly  out  of  tlie  latter  solu- 
tion. Sulphuric  acid  and  bro- 
mine do  not  colour  it  red. 

(iratioliv. 

y.  Sulphuric  acid  dissolves  it 
red-brown.  Bromine  jiroduces 
in  this  solution  red-violet 
stripes.  It  does  not  act  on 
frogs.  Cascarillin. 


B.  Pure  Yellow  Besidue. 

a.  Sulphuric  acid  dissolves  it 
yellow;  on  the  addition  of  niti'ic 
acid,  this  solution  is  green, 
quickly  changing  to  blue  and 
violet.  Colchicine. 

/3.  Sulphuric  acid  dissolves 
with  sepai’ation  of  a violet 
jiowder  ; caustic  potash  colours 
it  red ; sulphide  of  ammonia 
violet,  and,  by  heating,  indigo- 
blue.  Chrysammic  acid. 

C.  A (Treenish  Bitter  Ee- 
sidue,  which  dissolves  brown 
in  concentrated  sulphuric  acid ; 
in  Frdhde’s  reagent,  likewise,  at 
first  brown,  then  at  the  edge 
green,  changing  into  blue-violet, 
and  lastly  violet. 

Constituents  of  loormwood,  ivith 
ahsynthin,  besides  quas-  ■ 
siin,  menyanthin,  ericolin, » 
daphnin,  cnicin,  and', 
others. 
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D.  Generally  Undefined  Yellow  Crystallisation. — Sul- 
phuric acid  dissolves  it  olive  green.  The  alcoholic  solution  gives 
with  iodide  of  potash  a colourless  and  green  crystalline  precipi- 
tate. Berherin. 

V.  As  a complete  exhaustion  of  the  watery  solution  is  not  yet 
attained  by  the  benzine  agency,  another  is  tried. 

THE  WATERY  SOLUTION  IS  NOW  EXTRACTED  IN  THE  SAME 

WAY  BY  CHLOROFORM. 

In  chloroform  the  following  substances  are  especially  taken 
up: — Theobromine,  narceine,  papaverin,  cinchonine,  jervin,  be- 
sides picrotoxin,  syringin,  digitaline,  helleborine,  convallamarin, 
saponin,  senegin,  smilacin.  Lastly,  portions  of  the  bodies  named 
in  Process  lY.,  which  benzine  failed  to  extract  entirely,  enter  into 
solution,  as  well  as  traces  of  brucin,  narcotine,  physostigmine, 
veratrine,  delphinine.  The  evaporation  of  the  chi oi*o form  is  con- 
ducted at  the  ordinary  temperature  in  four  or  live  watch-glasses. 


THE  CHLOROFORM  RESIDUE  FROM  THE  ACID  SOLUTION. 


1.  The  Residue  is  more  or 

LESS  MARKEDLY  CRYSTAL- 
LINE. 

A.  It  gives  in  the  sulphuric 
acid  solution  evidence  of  an  alka- 
loid hy  its  action  towards  iodine 
and  iodide  of  potash. 

a.  Sulphuric  acid  dissolves  it 
without  the  pi’oduction  of  colour, 
and  chlorine  and  ammonia  give 
no  murexide  reaction. 

Cinchonine. 

13.  Sulphuric  acid  dissolves  it 
without  colour,  chlorine  and 
ammonia  give  as  with  tlieine  a 
murexide  reaction. 

Theobromine. 


i 

i 

1 

I 


1.  The  Residue  is  Amor- 
phous. 

A.  In  acetic  acid,  solution  it 
renders  the  action  of  the  frog's 
heart  slower,  or  prodxLces  local 
ancesthesia. 

a«.  It  does  not  produce  local 
amesthesia. 

«.  Sulphuric  acid  dissolves  it 
red-brown,  bromine  produces  a 
beautiful  purple  colour,  water 
changes  it  into  green,  hvdro- 
chloric  acid  dissolves  it  greenish- 
brown.  Digitaline. 

/3.  Sulphuric  acid  dissolves  it 
yellow,  then  brown-red;  on 
addition  of  water  this  solution 
becomes  violet.  Hydrochloric 
acid,  on  warming,  dissolves  it 
red.  Convallamarin. 

hh.  It  produces  local  an- 
esthesia. 

«.  Sulphuric  acid  dissolves  it 
brown.  The  solution  becomes, 
by  extraction  wdth  water,  violet, 
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y.  Sulpliuric  acid  does  not 
colour  in  the  cold  ; on  warming, 
the  solution  becomes  a blue 
violet.  Papaverin. 


0.  Sulphuric  acid  dissolves  it 
in  the  cold  with  the  pi’oduction 
of  a blue  colour. 

U nhnown  impurities,  many 
commercial  samples  of 
Papaverin. 

£.  Sulphuric  acid  dissolves  it 
at  first  grey-brown;  the  solu- 
tion becomes  in  about  twenty- 
four  houi’S  blood-red.  Iodine 
water  colours  it  blue. 

Narceine. 

r>.  It  gives  no  Alkaloid 
Heaction. 


a.  Sulphuric  acid  dissolves 
it  with  a beautiful  yellow 


and  can  even  be  diluted  with 
two  volumes  of  water  without, 
losing  its  coloui'.  Saponin. . 

(5.  Sulphuric  acid  dissolves  it, 
yellow.  On  diluting  with  water' 
the  same  reaction  occurs  as  in. 
tlie  previous  case,  but  more^ 
feebly,  and  leaves  behind,  on. 
evaporation,  the  yellow  chloro- 
form solution.  Senegin. 

y.  Sulphuric  acid  dissolves- 
brown,  and  the  solution  be- 
comes red  by  the  addition  of  aj 
little  water.  The  action  is  very 
weak.  Smilacin.. 

cc.  Sulphuric  acid  dissolves! 
it  with  the  production  of  a< 
dirty  red,  hydrochloric  acid^ 
in  the  cold,  with  that  of  a red- 
dish-brown colour,  and  the  last^ 
solution  becomes  brown  oni 
boiling. 

Constituents  of  the  hellebore^, 
particularly  Jervin. 


h.  Is  inactive,  and  becomesi 
blue  by  sulphuric  acid ; bji 
Frbhde’s  reagent  dark  cherry” 
red.  Hydrochloric  acid  dis- 
solves it  red.  The  solutioiij 
becomes  by  boiling  colourless. 

Syringinx 
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colour;  mixed  Avith  nitre,  then 
moistened  with  sulphuric  acid, 
and  lastly  treated  with  con- 
centrated soda-lye,  it  is  coloured 
a brick-red.  Picrotoxin. 

0.  Sulphuric  acid  dissolves  it 
with  the  production  of  a splen- 
did red  colour.  The  substance 
renders  the  heart-action  of  a 
frog  slower.  Helleborine. 

VI.  THE  WATERY  FLUID  IS  NOW  AGAIN  SHAKEN  UP 
WITH  PETROLEUM  ETHER, 


nj  In  order  to  take  up  the  rest  of  the  chloroform,  and  the  watery 
fluid  is  saturated  with  ammonia.  The  watery  solution  of  aconite 
and  emetin  is  liable  to  undergo,  through  free  ammonia,  a partial 
decomposition;  but  on  the  other  hand,  it  is  quite  possible  to 
obtain,  with  very  small  mixtures  of  these  substances,  satisfactory 
reactions,  even  out  of  ammoniacal  solutions. 


VII.  THE  AMMONIACAL  WATERY  FLUID  WITH 
PETROLEUM  ETHER. 
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In  the  eai’lier  stages  Dragendorff  advises  the  shaking  up  Avith 
oetroleum  ether  at  about  40°,  and  the  removal  of  the  ether  as 
quickly  as  possible  whilst  Avarm.  This  is  with  the  intention  of 
separating  by  this  fluid  strychnine,  brucin,  emetin,  quinine, 
veratrine,  &c.  Finding,  hoAvever,  that  a full  extraction  by  petro- 
leum ether  is  either  difficult  or  not  practicable,  he  prefers,  as  Ave 
have  seen,  to  conclude  the  operation  by  other  agents,  coming 
back  again  upon  the  ether  for  certain  special  cases.  Such  are 
the  volatile  alkaloids ; and  here  he  recommends  treatment  of  the 
fluid  by  cold  petroleum  ether,  taking  care  not  to  hasten  the 
I’einoval  of  the  latter.  Strychnine  and  other  fixed  alkaloids  are 
then  only  taken  up  in  small  quantities,  and  the  greater  portion 
I’emains  for  the  later  treatment  of  the  Avatery  fluid  by  benzine. 

A portion  of  the  petroleum  ether,  supposed  to  contain  in  solu- 
ion  volatile  alkaloids,  is  evaporated  in  two  Avatch-glasses ; to  the 
me  strong  hydi’ochloric  acid  is  added,  the  other  being  evaporated 
■vithout  this  agent.  On  the  evaporation  of  the  petroleum  ether, 
t is  seen  whether  the  first  portion  is  crystalline  or  amorphous, 
>r  Avhether  the  second  leaves  behind  a strongly  smelling  fluid 
nass,  which  denotes  a volatile  alkaloid.  If  the  residue  in  both 
glasses  is  without  odour  and  fixed,  the  absence  of  volatile  acid 
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and  the  presence  of  fixed  alkaloids  (strychnine,  emetin,  veratrine, 
tkc.)  are  indicated. 

THE  PETROLEUM  ETHER  RESIDUE  FROM 
AMMONIACAL  SOLUTION. 


1.  It  is  Fixed  and 
Crystalline. 
A.  The  crystals 
volatilise  with  dijji- 
culty. 


aa.  Sulphuric  acid 
dissolves  it  without 
colour. 

a.  Chromate  of 
potash  colours  this 
solution  a transitory 
blue,  then  red. 

Strychnine. 


2.  It  is  Fixed  and 
Amorphous. 


/3.  Chromate  of 
potash  does  not 
colour  it  blue.  With 
chlorine,  water,  and 
ammonia,  it  gives  a 
green  colour. 

Quinine. 


ot.  The  purest  sul- 
phuric acid  dissolves 
it  almost  without 
colour ; sulphuric, 
containinsc  nitric 
acid,  red,  quickly 
becoming  orange. 

Brucine. 

/3.  Sulphuric  acid 
dissolves  it  yellow, 
becoming  deep  red. 

Veratrine. 


y.  Sulphui'ic  acid 
dissolves  it  brown- 
green;  Frdhde’s  re- 
agent red,  changing 


into  green. 


h.  Sulphuric  acid 
dissolves  it  yellow, 


3.  It  is  Fixed  and: 
Odorous. 

A.  On  adding  to 
the  watch-glass  a littla 
hydrochloric  acid] 
crystals  are  left  he-, 
hind. 

aa.  Its  solution  is; 
not  precipitated  byj 
platin  chloride. 

a.  The  crystals  oi 
the  hydrochloria 
compound  act  on 
polarised  light,  anci- 
are  mostly  needlei 
shaped  and  colum| 
nar. 

Conia  and  Methylx 
Co7iia. 

0.  The  crystal; 
are  cubical  or  tetra: 
hedral. 

A Ikaloid from  cap\ 
sicum. 


Emetin. 


hh.  The  solution 
of  the  hydrochloratt 
of  the  alkaloid  i 
precipitated  by  pl^* 
tin  chloride. 

Sarracinim 
h.  The  residue  o 
the  hvdrochlorate  o- 
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and  the  solution  be- 
comes gradually  a 
beautiful  deep  red. 


the  alkaloid  is  amor- 
phous, or,  by  further 
additions  of  HCl, 
becomes  crystalline. 


Sabadilline. 


c.  The  crystals 
are  easily  volatilised. 


Conia. 


aa.  Its  diluted 
aqueous  solution  is 
precipitated  by  pla- 
tin  chloride. 

The  hvdrochlo- 

•/ 

rate  salt,  being 
quickly  treated  with 
Frohde’s  re-agent, 
gives  after  about  two 
minutes  adeep  violet 
solution,  which  gra- 
dually fades. 


/3.  The  hydrochlo- 
rate smells  like 
nicotin,and  becomes 
by  Frohde’s  reagent 
yellow,  and  after 
twenty-four  hours 
pale  red.  Nicotin. 

The  hydrochlorato 
is  without  odoui-, 
tlie  free  base  smells 
faintly  like  aniline. 


hb.  The  substance 
is  not  precipitated 
from  a diluted  solu- 
tion by  platin  chlo- 
ride. 

a.  Its  petroleum 
ether  solution  pro- 
duces no  turbidity 
with  a solution  of 
picric  acid  in  pe- 
troleum ether;  but 
it  leaves  behind, 
when  mixed  with 


Loheliin. 


Sparteine. 
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the  above,  crystals 
mostly  of  three- 
sided  plates. 

Trinieihylamin. 
/3,  The  petroleum 
ether  solution  gives, 
on  evaporation, 
when  treated  simi- 
lai'ly,  inoss-like  crys- 
tals. The  substance 
is  made  blue  by 
chloride  of  lime,  asi 
well  as  by  diluted 
j sulphuric  acid  and  . 

bichromate  of  pot-  - 
ash.  Aniline. . 

y.  The  alkaloid  [ 
does  not  smell  like? 
methylamin,  and  is* 
not  coloured  by  - 
chloride  of  lime,  sul-- 
phuric  acid,  or  chro- 
mate of  potash. 

Volatile  alkaloid  of : 
the  Pimento. . 

VIII.  THE  AMMONIACAL  SOLUTION  IS  SHAKEN  UP  WITH 

BENZINE. 


In  most  cases  petroleum  ethei’,  benzine,  and  chloroform,  are* 
more  easily  separated  from  acid  watery  fluids  than  from  ammo-( 
niacal,  benzine  and  chloroform  causing  here  a difficulty  which  i 
has  perhaps  deteiTed  many  from  using  this  method.  Dragendorfi,' 
however,  maintains  that  he  has  never  examined  a fluid  in  which  i 
he  could  not  obtain  a complete  separation  of  the  benzine  and? 
water.  If  the  upper  benzine  layer  is  fully  gelatinous  and  emuh. 
sive,  the  under  layer  of  water  is  to  be  removed  with  a pipette  as^ 
far  as  possible,  and  the  benzine  with  a few  drops  of  absolute; 
alcohol  and  filtration.  As  a rule,  the  water  goes  through  first| 
alone,  and  by  the  time  the  greater  part  has  run  through,  the  jelly 
in  the  filter,  by  dint  of  stirring,  has  become  separated  from  the. 
benzine ; finally,  the  jelly  shrinks  up  to  a minimum,  and. 
the  clear  benzine  filters  off.  Dragendorff  filters  mostly  into  a 
burette,  from  which  ultimately  the  benzine  and  the  water  arei 
separated. 
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The  principal  alkaloids  which  are  dissolved  in  benzine  are — 
strychnine,  methyl  and  ethyl  strychnine,  brucine,  emetin, 
quinine,  cinchonine,  atropine,  hyoscyamine,  physostogmin,  aconi- 
tine, nepalin,  the  alkaloid  of  the  Aconituin  lycoctonum,  aconellin, 
napellin,  delphinine,  veratrine,  sabatrin,  sabadilline,  codeine, 
thebaine,  and  narcotine. 


1.  It  is  for  the  most  part  2. 

Crystalline. 

a.  Sulphuric  acid  dissolves  it 
without  colour,  the  solution  be- 
inff  coloui’ed  neither  on  stand- 

O 

ins:  nor  on  the  addition  of 
nitric  acid. 

aa.  It  dilates  the  pupil  of  a 
cat. 

X.  Platin  chloride  does  not 
precipitate  the  aqueous  solu- 
tion. The  sulphuric  acid  solu- 
tion gives  on  warming  a peculiar 
smell.  Atropioie. 

/3.  Platin  chloride  applied  to 
the  solution  precipitates. 

Hyoscyamine. 


hb.  It  does  not  dilate  the 
pupil. 

oc.  The  sulphuric  acid  solu- 
tion becomes  blue  by  chromate 
of  potash. 

aa.  The  substance  applied  to 
a frog  produces  tetanus. 

Strychnine. 

/3/3,  It  lowers  the  number  of 
respirations  in  a frog. 

Ethyl  and  Methyl  Strychnine. 

!i.  Sulphuric  acid  and  bichro- 
mate of  potash  do  not  colour  it 
blue. 


IS  FOR  THE  MOST  PART 

Amorphous. 

a.  Pure  sulphuric  acid  dis- 
solves it  either  whitish-red  or 
yellowish. 


a.  The  solution  becomes  by 
nitric  acid  immediately  red, 
then  quickly  orange.  Brucine. 

/3.  The  solution  becomes  by 
little  and  little  brownish-red. 
The  substance  is  coloured  red 
by  chloride  of  lime  solution, 
and  it  contracts  the  pupil. 

Physostogmin. 


THE  BENZINE  RESIDUE  DERIVED  FROM  THE  AMMONIACAL 

SOLUTION. 

It 
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aa.  Tlie  sulphuric  acid  watery 
solution  is  fluorescent,  and  be- 
comes green  on  the  addition  of 
chloxdne  water  and  ammonia. 

Quinine  and  Cinchonine. 

(The  last  is  more  difficult  to 
dissolve  in  petroleum  ether  than 
quinine). 

/3/3.  The  solution  is  not  fluor- 
escent. Cinchonine. 

h.  Sulphuric  acid  dissolves  it 
at  first  colourless  ; the  solution 
takes  on  standing  a rose  or 
violet-blue ; on  addition  of  ni- 
tric acid,  a blood-red  or  brown 
coloration. 

«.  A solution  in  diluted  sul- 
jdiuric  acid  becomes,  on  heating, 
gradually  deep  blood- red,  and, 
when  cooled,  violet,  with  nitric 
acid.  The  aqueous  solution  is 
precipitated  by  ammonia. 

Narcotine. 


A The  solution  in  diluted 
sulphuric  acid  becomes,  on 
heating,  a beautiful  blue.  Ex- 
cess of  ammonia  does  not  pre- 
cipitate in  a diluted  watery 
solution.  Codeine. 

c.  Sulphuric  acid  dissolves 
it  with  the  production  of  a 
yellow  colour. 

«.  The  solution  remains  5ml- 
low  on  standing.  Acohjciin. 


h.  Pure  sulphuric  acid  dis- 
solves it  yellow,  and  the  solu- 
tion becomes  later  beautiful  redi 
(with  delphinine,  more  quickly 
a darker  cheny-red). 

05.  The  hydrochloric  acidi 
solution  becomes  red  on  heat- 
ing. 


ao6.  The  substance  acts  on  ai 
frog,  causing,  in  large  doses, . 
tetanus.  Veratrine. . 

It  is  almost  without  action » 
on  frogs.  Sahatrin. . 

/3.  The  hydrochloric  acid  solu- 
tion does  not,  on  heating,  be- 
come red.  Delphinhu. 


c.  Pure  sulphuric  acid  dis-  - 
solves  it  yellow,  and  the  solu- 
tion becomes  later  red-brown, 
and  gradually  violet-red. 

a.  The  substance  even  in 
small  doses  paralyses  frogs,  and 
dilates  the  pupil  of  a cat’s  eye. 
Ether  dissolves  it  with  diffi- 
culty. Nepalin. 
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/3.  It  becomes  beautifully  red. 

Sabadilline. 


d.  Suli^huric  acid  dissolves  it 
with  an  immediate  deep  red- 
brown  colour.  Thebaine. 


e.  Sulphuric  acid  dissolves  it 
immediately  blue. 

Substances  accom'panying  the 
papaverins. 


/3.  It  is  easily  soluble  in  ether, 
its  effects  are  not  so  marked, 
and  it  does  not  dilate  the  pupil. 

Aconitine. 

Its  effects  are  still  feeble  j it 
does  not  dilate  the  pupil,  and 
is  with  difficulty  dissolved  by 
ether.  Napellin. 

d.  Sulphuric  acid  dissolves  it 
with  a dark  green  colour,  and 
the  solution  becomes,  even  after 
a few  seconds,  a beautiful  blood- 
red. 

AlJcaloidal  substances  out  of 
the  Aconitum  lycoctonum. 

e.  Sulphuric  acid  clissolves  it 

brown-green,  and  Frbhde’s  re- 
agent red,  becoming  beautifully 
green.  Emetin. 


IX.  SHA.KING  OF  THE  AMMONIACAL  WATERY  SOLUTION 

WITH  CHLOROFORM. 

This  extracts  the  remainder  of  the  cinchonine  and  papaverin, 
narceine,  and  a small  portion  of  morphia,  as  well  as  an  alkaloid 
from  the  celandine. 


The  Kesidue  fkom  the  Chloeoform. 

aa.  The  solution,  on  warming,  is  only  slightly  coloured, 
a But  after  it  is  again  cooled,  it  strikes  with  nitric  acid  a 
violet-blue ; chloride  of  iron  mixed  with  the  substance  gives  a 
blue  colour ; Frbhde’s  reagent  also  dissolves  it  violet. 

Morphia. 

/3.  It  is  not  coloured  by  nitric  acid ; it  is  also  indifferent  to 
chloride  of  iron.  Cinchonine. 

bb.  The  solution  becomes  by  warming  violet-blue. 

Papaverin. 

b.  Sulphuric  acid  dissolves  it  greenish-brown,  and  the  solution 

becomes,  on  standing,  blood-red.  Narcdne. 

c.  Sulphuric  acid  dissolves  it  a violet-blue. 

Alhaloidal  constituent  of  the  Celandine. 
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X.  SHAKING  UP  OF  THE  WATERY  FLUID  WITH 
AMYL  ALCOHOL. 

Fi’om  this  process,  besides  morphia  and  solanine,  as  well  as> 
salicin,  the  remnants  of  the  convallamarin,  saponin,  senegin^ 
and  narceine,  are  also  to  be  expected. 


The  Amyl  Alcohol  Eesidue. 

a.  Sulphuric  acid  dissolves  it  without  colour  in  the  cold. 

Morphia  (see  above). 

h.  Sulphuric  acid  dissolves  it  with  the  production  of  a clean- 
yellow-red,  and  the  solution  becomes  brownish.  Iodine  watel^ 
colours  it  a deep-brown.  The  alcoholic  solution  gelatinises. 

Solanine. 

c.  Sulphuric  acid  dissolves  it  green-brown,  becoming  red. 

Narceine  (see  above). 

d.  Sulphuric  acid  dissolves  it  yellow,  then  brown-red,  becomingf 

violet  on  dilution  with  water.  Hydrochloric  acid  dissolves  it,: 
and  it  becomes  red  on  warming.  It  stops  the  heart-action  in  the* 
systole.  Convallamarin. 

/3.  Hydrochloric  acid  dissolves  it  for  the  most  part  without! 
colour.  Saponin. 

y.  As  the  foregoing,  but  acting  more  feebly. 

Senegin. 

e.  Sulphuric  acid  dissolves  it  immediately  a pure  red.  On 

warming  with  sulphuric  acid  and  bichromate  of  potash,  a smell  ofj 

salicylic  acid  is  developed.  Salicin. 


XL  DRYING  THE  WATERY  FLUID  WITH  THE  ADDITION  OH 
POWDERED  GLASS,  AND  EXTRACTION  OF  THE  FINELY- 
DIVIDED  RESIDUE  BY  CHLOROFORM. 

The  residue  of  the  first  chloroform  extract  lessens  the  numbeii 
of  respirations  of  a frog;  tlie  residue  of  the  second  and  thinl: 
chloroform  extract  becomes,  by  sulphuric  acid  and  bichromate  ot 
potash,  blue,  passing  into  a permanent  red. 

Another  portion  of  this  residue  becomes  red  on  warming  witln 
diluted  sulpluiric  acid.  Curarine. 


\ 
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(3.)  Shorter  Process  for  Separating  some  of 
THE  Alkaloids. 

A sliorter  process,  recommended  conditionally  by  Dragendorff, 
for  brucine,  strychnine,  quinine,  cinchonine,  and  emetin,  is  as 
follows  : — 

The  substance,  if  necessary,  is  finely  divided,  and  treated  with 
sulphuric  acid  (dilute)  until  it  has  a marked  acid  reaction.  To 
every  100  cc.  of  the  pulp  (which  has  been  diluted  with  distilled 
water  to  admit  of  its  being  filtered  later),  at  least  5 to  10  cc.  of 
diluted  sulphuric  acid  (1  : 5)  are  added.  It  is  digested  at  50°C. 
for  (a  few  hours,  filtered,  and  the  residue  treated  again  with 
100  cc.  of  water  at  50°C.  This  extract  is,  after  a few  hours, 
again  filtered  ; both  the  filtrates  are  mixed  and  evaporated  in 
the  water-bath  to  almost  the  consistence  of  a thin  syrup.  The 
fluid,  however,  must  not  be  concenti'ated  too  much,  or  fully 
evaporated  to  dryness.  The  residue  is  now  placed  in  a flask,  and 
ti’eated  with  three  to  four  times  its  volume  of  alcohol  of  90  to  95 
per  cent,  j the  mixture  is  macerated  for  twenty-four  hours,  and 
then  filtered.  The  filti’ate  is  distilled  alcohol-free,  or  nearly  so, 
but  a small  amount  of  alcohol  remaining  is  not  objectionable. 
The  watery  fluid  is  diluted  to  about  50  cc.,  and  treated  with 
pure  benzine ; the  mixture  is  shaken,  and  after  a little  time  the 
benzine  removed — an  operation  which  is  repeated.  After  the 
removal  the  second  time  of  the  benzine,  the  watery  fluid  is  made 
alkaline  with  ammonia,  warmed  to  40°  or  50°C.,  and  the  free 
alkaloid  extracted  by  twice  shaking  it  up  with  two  difierent 
applications  of  benzine.  On  evaporation  of  the  latter,  if  the 
alkaloid  is  not  left  pure,  it  can  be  dissolved  in  acid,  precipitated 
by  ammonia,  and  again  extracted  by  benzine. 

(4.)  Scheiblers  Process. 

A method  very  difierent  from  those  just  described  is  one  prac- 
tised by  Scheibler.  This  is  to  precipitate  the  phospho-tungstate 
of  the  alkaloid,  and  then  to  liberate  the  latter  by  digesting  the 
precipitate  with  either  hydrate  of  barium  or  hydrate  of  calcium, 
dissolving  it  out  by  chloroform,  or,  if  volatile,  by  simple  distilla- 
tion. The  convenience  of  Scheibler’s  process  is  great,  and  it 
admits  of  very  general  application.  In  complex  mixtures,  it  will 
usually  be  found  best  to  pi'ecede  the  addition  of  phospho-tungstic 
acid*  by  that  of  acetate  of  lead,  in  order  to  remove  colouring 

* The  method  of  preparing  this  reagent  is  as  follows Ordinary  commer- 
cial sodium  tungstate  is  treated  with  half  its  weight  of  phosphoric  acid, 
specific  gravity  1 ’13,  and  then  allowed  to  stand  for  some  days.  Phospho- 
tungstic  acid  separates  in  crystals. 
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matter,  &c.  j tlie  excess  of  lead  must  in  its  turn  be  thrown  out 
by  SHg,  and  the  excess  of  SHg  be  got  rid  of  by  evaporation. 
Phospho-tungstic  acid  is  a veiy  delicate  test  for  the  alkaloids, 
giving  a distinct  precipitate  with  the  most  minute  quantities 
(gjj^VoTT  strychnine  and  lo  o\)W(J  quinine).  A very  similar 
method  is  practised  by  Sonnenschein  and  others  with  the  aid 
of  phosphomolybdic  acid.  The  details  of  Scheibler’s  j^rocess  are 
as  follows ; — 

The  organic  mixture  is  repeatedly  extracted  by  water  strongly 
aciditied  with  sulplumc  acid ; the  extract  is  evaporated  at 
30°  to  the  consistence  of  a thin  syrup,  then  diluted  with 
water,  and,  after  several  hours’  standing,  filtered  in  a cool 
jilace.  To  the  filtered  fluid  phosphomolybdic  acid  is  added 
in  excess,  the  precipitate  filtered,  washed  with  water  to  which 
some  phosphomolybdic  acid  and  HNO3  have  been  added,  and 
whilst  still  moist  rinsed  into  a flask.  Caustic  baryta  or  car- 
bonate of  potash  is  added  to  alkaline  reaction,  and  after  the  • 

flask  has  been  connected  with  bulbs  containing  HCl,  it  is 
heated  at  first  slowly,  then  more  strongly.  Ammonia  and  any 
volatile  alkaloids  are  driven  over  into  the  acid,  and  are  there 

fixed,  and  can  be  examined  later  by  suitable  methods.  The  • 

residue  in  the  flask  is  carefully  evaporated  to  dryness  (the  excess 
of  baryta  having  been  precipitated  by  COg),  and  then  extracted  .. 
by  strong  alcohol.  On  evaporation  of  the  alcohol,  the  alkaloid  . 
is  generally  sufficiently  pure  to  be  examined,  or,  if  not  so,  it  may 
be  obtained  pure  by  re-solution,  &c. 

§ 28.  Identification  of  the  Alkaloids. — Plaving  obtained,  in  one  • 
way  or  other,  a cxystalline  or  amorphous  substance,  supposed  to  ■ 
be  an  alkaloid,  or,  at  all  events,  an  active  vegetable  principle,  . 
the  next  step  is  to  identify  it.  If  the  tests  given  in  Dragendorff’s 
process  have  been  applied,  the  observer  will  have  already  gone  a 
good  way  towards  the  identification  of  the  substance  j but  it  is, 
of  course,  dangerous  to  trust  to  one  reaction. 

In  medico-legal  researches  there  is  seldom  any  considerable  ■ 
quantity  of  the  material  to  work  upon.  Hence  the  greatest  care 
must  be  taken  from  the  commencement  not  to  waste  the  sub-  - 
stance  in  useless  tests,  but  to  study  well  at  the  outset  what — by 
the  method  of  extraction  used,  the  microscopic  appearance,  the 
reaction  to  litmus  paper,  and  the  solubility  in  diffei’ent  menstrua  f 
— it  is  likely  to  be.  However  minute  the  quantity  may  be,  it  is  1 
essential  to  divide  it  into  different  parts,  in  order  to  apply  a * 
vai’iety  of  tests ; but  as  any  attempt  to  do  this  on  the  solid  1 
substance  w'ill  probably  entail  loss,  the  best  way  is  to  dissolve  it 
in  a watch-glass  in  half  a cc.  of  alcohol,  ether,  or  other  suitable  • 
solvent.  Droplets  of  this  solution  are  then  placed  on  watch 
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glasses  or  slips  of  microscopic  glass,  and  to  these  drops,  by  the 
aid  of  a glass  rod,  different  reagents  can  be  applied,  and  the 
changes  watched  under  the  microscope  as  the  drops  slowly 
evaporate.* 

(1.)  Action  of  Stdphuric  Acid. — A test  very  generally  appli- 
cable to  the  alkaloids  is  the  colour,  or  absence  of  colour,  they 
produce  when  treated  by  strong  acids,  such  as  sulphuric  or  nitric. 
A drop  of  the  solution  is  allowed  to  evaporate  to  dryness  on  a 
piece  of  porcelain,  and  then  a droplet  of  strong  pure  acid  is  mixed 
with  it,  the  action  being  first  observed  in  the  cold,  and  the  plate 
afterwards  heated.  The  following  useful  short  table  is  given  by 
Dr.  Guyt: — 


Sulphuric  Acid. 

Nitric  Acid. 

Cold. 

Warm. 

Hot. 

1 Cantharidin, 

0 

0 

0 

0 

' Strychnine, 

0 

0 

Yellow  ^ + 

Pink* 

Brucine,  . 

0 

0 

Yellow  2 

Red® 

Morphine, 

0 

0 

Brown 

Orange® 

Atropine,  . 

0 

0 

Brown  ® 

0 

Aconitine, 

0 

Brown 

Black 

0 

Picrotoxin, 

0 

Yellow 

Brown 

0 

Veratrine, 

Orange  ® 

Scarlet 

Claret 

0 

i Diritaline, 

Red-brown* 

Red-brown^ 

Red-brown® 

0 

1 Solanine,  . 

Yellow® 

Brown® 

Brown® 

0 

( (2.)  Sublimation  of  the  Alkaloids. — A very  beautiful  and  elegant 

' aid  to  the  identification  of  alkaloids,  and  vegetable  pi'inciples 
c generally,  is  their  behaviour  towaixls  heat. 

1 Alkaloids,  glucosides,  the  oi’ganic  acids,  &c.,  when  carefully 
i)  heated,  either — (1)  sublime  wholly  without  decomposition  (like 
theine,  cytisin,  and  others) ; or,  (2)  partially  sublime  with  decom- 
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* The  modem  chemist  who  aims  at  being  a forensic  expert  will  be  of 
necessity  compelled  to  make  himself  intimately  acquainted  with  all  the  chief 
vegetable  alkaloids.  Since  the  discovery  by  Sertiirner  of  morphia  (the  first 
alkaloid  ever  isolated)  in  the  beginning  of  this  century,  alkaloidal  criminal 
poisoning  has  kept  pace,  one  may  almost  say,  with  the  discovery  of  the 
alkaloids  themselves  ; and  the  scientific  criminals  who  arise  from  time  to 
time  will  certainly  choose  some  poison  not  met  with  in  ordinary  commerce. 

+ “ Forensic  Medicine,”  p.  079. 

+ The  small  figures  denote  degrees  of  intensity. 
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position;  or,  (3)  are  changed  into  new  bodies  (as,  for  example, 
gallic  acid);  or,  (4)  melt  and  then  char;  or,  (5)  simply  char  and  , 
burn  away. 

Many  of  these  phenomena  are  striking  and  characteristic, 
taking  place  at  definite  temperatures,  subliming  in  characteristic 
forms,  or  leaving  characteristic  residues. 

One  of  the  first  to  employ  sublimation  systematically,  as  a . 
means  of  recognition  of  the  alkaloids,  &c.,  was  Helwig.*  His 
method  was  to  place  a small  quantity  (from  to  of  a : 

milligram)  in  a depression  on  platinum  foil,  cover  it  with  a slip 
of  glass,  and  then  carefully  heat  by  a small  flame.  After  Helwig, 
Dr.  Guyt  greatly  improved  the  process  by  using  porcelain  discs, 
and  more  especially  by  the  adoption  of  a convenient  apparatus, 
which  may  be  termed  “ the  subliming  cell.”  It  is  essentially 
composed  of  a ring  of  glass  from  | to  § of  an  inch  in  thickness, 
such  as  may  be  obtained  by  sections  of  tubing,  the  cut  surfaces  i 
being  ground  perfectly  smooth.  This  circle  is  converted  into  a i 
closed  cell  by  resting  it  on  one  of  the  ordinary  thin  discs  of  glass 
used  as  a covering  for  microscopic  purposes,  and  supporting  a i 
similar  disc.  The  cell  was  placed  on  a brass  plate,  provided  vdth 
a nipple,  which  carried  a thermometer,  and  was  heated  by  a 
small  flame  applied  mid-way  between  the  thermometer  and  the 
cell ; the  heat  was  raised  very  gradually,  and  the  temperature  at 
which  any  change  took  place  wms  noted.  In  this  way  Dr.  Guy 
made  determinations  of  the  subliming  points  of  a large  number 
of  substances,  and  the  microscopic  appearances  of  the  sublimates : 
were  described  with  the  greatest  fidelity  and  accuracy.  The 
writer,  however,  on  I'epeating  with  care  Dr.  Guy’s  determina-t 
tions,  could  in  no  single  instance  agree  with  his  subliming 
points,  nor  with  the  appai'atus  he  figures  and  describes  could  two 
consecutive  observations  exactly  coincide.  Further,  on  examine 
ing  the  various  subliming  temperatures  of  substances,  as  stated 
by  different  authors,  the  widest  disci’epancies  were  found — dif-i 
ferences  of  two  or  even  three  degrees  might  be  referred  to  errors* 
of  observation,  a want  of  exact  coincidence  in  the  thermometers* 
employed,  and  the  like  ; but  to  what,  for  example,  can  we  ascribe 
the  irreconcilable  statements  which  have  been  made  with, 
regard  to  theine?  According  to  Strauch,  this  substance  sub- 
limes at  177°C.  ; according  to  Mulder,  at  184‘7'^.  But  that  both: 
of  these  observations  deviate  more  than  70  degrees  from  tlmj  ^ 
truth  may  be  proved  by  any  one  who  cares  to  place  a few  railh-  j 

* “ Das  Mikroscop  in  der  Toxicologic.” 

t Pharm.  Journ.  Trans.  [2],  viij.  719;  ix.  10,  58.  “ Forensic  Medicine.  * 

London,  1875. 
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8j1  grams  of  theine,  enclosed  between  two  watch-glasses,  over  the 
.*1^  water-bath  ; in  a few  minutes  a distinct  sublimate  will  condense 
on  the  upper  glass,  and,  in  point  of  fact,  theine  will  be  found  to 
sublime  several  degrees  below  100°. 

Since  this  great  divergency  of  opinion  is  not  found  either  in 
the  specific  gravity,  or  the  boiling  points,  or  any  of  the  like  deter- 
ijj  minations  of  the  physical  properties  of  a substance,  it  is  self- 
evident  that  the  processes  hitherto  used  for  the  determination  of 
i subliming  points  are  faulty.  The  sources  of  error  are  chiefly — 
(1.)  Defects  in  the  apparatus  employed, — the  temperature 
read  being  rather  that  of  the  metallic  surface  in  the  immediate 
vicinity  of  the  thermometer,  than  of  the  substance  itself. 

(2.) 

be  called  a sublimate  ; one 
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but  for  higher 


The  want  of  agreement  among  observers  as  to  what  should 

considering  a sublimate  only  that 
which  is  evident  to  the  naked  eye,  another  taking  cognisance  of 
the  earliest  microscopic  film. 

(3.)  No  two  persons  employing  the  same  process. 

With  regard  to  the  apparatus  employed,  the  present  writer 
adopts  Dr.  Guy’s  subliming  cell ; but  the  cell,  instead  of  resting 
on  a metallic  solid,  floats  on  a metallic  fluid  ; for  any  tempera- 
ture a little  above  1 00°C.  this  fluid  is  mercury, 
temperatures  fusible  metal  is  preferable. 

The  exact  procedure  is  as  follow’S  : — A 
porcelain  crucible  (see  Fig.  16,  a),  about 
3 inches  in  diameter,  is  nearly  filled  with 
mercury  or  fusible  metal,  as  the  case 
may  be  ; a minute  speck  (or  two  or  three 
crystals  of  the  substance  to  be  examined) 
is  placed  on  a thin  disc  of  microscopic 
covering  glass,  floated  on  the  liquid,  and 
the  cell  is  completed  by  the  glass  ring 
and  upper  disc.  The  porcelain  crucible 
is  supported  on  a brass  plate  (b),  flxed 
to  a retort  stand  in  the  usual  way,  and 
protected  from  the  unequal  cooling  effects 
of  currents  of  air  by  being  covered  with 
a flask  (c),  from  which  the  bottom  has 
been  removed.  The  neck  of  the  flask 
conveniently  supports  a thermometer, 
which  passes  thi-ough  a cork,  and  the 
bulb  of  the  thermometer  is  immersed  in 
the  bath  of  liquid  metal.  In  the  first 
examination  of  a substance  the  tempera- 
ture is  raised  somewhat  rapidly,  taking 
off  the  upper  disc  with  a forceps  at  every  10  degrees,  and 


Fig.  16. 
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exchanging  it  for  a fresh  cUsc,  until  the  substance  is  destroyed. 
The  second  examination  is  conducted  much  moi'e  slowly,  and  the 
discs  exchanged  at  every  four  or  five  degrees,  whilst  the  final  , 
determination  is  effected  by  raising  the  temperature  with,  great.' 
caution,  and  exchanging  the  discs  at  about  the  points  of  change 
(already  partially  determined)  at  every  half  degree.  All  the 
discs  are  examined  microscopically.  The  most  convenient  defini- 
tion of  a sublimate  is  this — the  most  minute  films,  dots,  or  crys- 
tals, which  can  be  observed  by  a ;^-inch  power,  and  which  are  ob- 
tained by  keeping  the  subliming  cell  at  a definite  temperature  for 
sixty  seconds.  The  commencement  of  many  sublimates  assumes  • 
the  shape  of  dots  of  extraordinary  minuteness,  quite  invisible  to  •. 
the  unaided  eye  ; and,  on  the  other  hand,  since  the  practical 
value  of  sublimation  is  mainly  as  an  aid  to  other  methods  for 
the  recognition  of  substances,  if  we  go  beyond  short  intervals  of  ' 
time,  the  operation,  otherwise  simple  and  speedy,  becomes  cum-  ■ 
bersome,  and  loses  its  general  applicability. 

There  is  also  considerable  discrepancy  of  statement  with  regard 
to  the  melting  point  of  alkaloidal  bodies  j in  many  instances  a .t 
viscous  state  intervenes  before  the  final  complete  resolution  into  > 
fluid,  and  one  observer  will  consider  the  viscous  state,  the  other  ■ 
complete  fluidity,  as  the  melting  point. 

In  the  melting  points  given  below  the  same  apparatus  was  .• 
used,  blit  the  substance  was  simply  placed  on  a thin  disc  of  glass  ■ 
floating  on  the  metallic  bath  before  described  (the  cell  not  being 
completed),  and  examined  from  time  to  time  microscopically,  for  - 
by  this  means  alone  can  the  first  drops  formed  by  the  most 
minute  and  closely  adherent  crystals  to  the  glass  be  discovered. 

Morphine,  at  150°C.,  clouds  the  upper  disc  with  nebulse  ; the  : 
nebulcB  are  resolved  by  high  magnifying  powers  into  minute : 
dots  ; these  dots  gradually  become  coarser,  and  are  generally  '■ 
converted  into  crystals  at  188°C.  ; the  alkaloid  browns  at  or 
about  200°C. 

Thehaine  sublimes  in  theine-likc  crystals  at  135°C. ; at: 
higher  temperatures  (160°  to  200°C.),  needles,  cubes,  and  prisms  * 
were  observed.  The  residue  on  the  lower  disc,  if  examined  i 
before  carbonisation,  is  fawn-coloured  with  non-characteristic  r 
spots. 

Narcotine  gives  no  sublimate  ; it  melts  at  15o°C.  into  a yellow  '■ 
liquid,  which  on  raising  the  temperature  ever  becomes  browner  • 
to  final  blackness.  On  examining  the  residue  before  carbonisa-  - 
tion,  it  is  a rich  brown  amorphous  substance  ; but  if  narcotine  be  - 
heated  two  or  three  degrees  above  its  melting  point,  and  then  ^ 
cooled  slowly,  the  residue  is  crystalline;  long,  fine  needles  radiat- 
ing from  centi’es  beincr  common. 
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Narceine  gives  no  sublimate ; it  melts  at  134°0.  into  a colourless 
liquid,  which  undergoes  at  higher  temperatures  the  usual  tran- 
sition of  brown  colours ; the  substance  heated  a few  degrees 
above  its  melting  point,  and  then  allowed  to  cool  slowly,  shows 
a straw-coloured  residue,  divided  into  lobes  or  drops  containing 
I feathery  crystals, 

Papaverin  gives  no  sublimate,  it  melts  at  130°C,  The 
residue  heated  a little  above  its  melting  point,  and  then  slowly 
cooled,  is  amorphous,  of  a light-brown  colour,  and  in  no  way 
characteristic. 

Hyoscyamine  gives  no  crystalline  sublimate ; it  melts  at  89°C., 
and  appears  to  volatilise  in  great  part  without  decomposition.  It 
melts  into  an  almost  colourless  fluid,  which  when  solid  may 
U exhibit  a network  not  unlike  vegetable  parenchyma  ; on  moisten- 
p|  ing  the  network  with  water,  interlacing  crystals  immediately 
ii  appear.  If,  however,  hyoscyamine  be  kept  at  94°  to  95°  for  a 
i few  minutes,  and  then  slowly  cooled,  the  edges  of  the  spots  are 
arborescent,  and  the  spots  themselves  crystalline. 

Atropine  (daturine)  melts  at  97°C,;  at  123°C.  a faint  mist  appears 
on  the  upper  disc.  Crystals  cannot  be  obtained  ; the  residue  is 
not  characteristic. 

Solanme. — The  upper  disc  is  dimmed  with  nebulse  at  190°C., 
which  are  coarser  and  more  distinct  at  higher  temperatures  ; at 
'200°C.  it  begins  to  brown,  and  then  melts  j the  residue  consists 
of  amber-brown,  non-characteristic  drops. 

Strychnine  gives  a minute  sublimate  of  fine  needles,  often  dis- 
posed in  lines  at  169°C.  ; about  221°C.  it  melts,  the  residue  (at 
that  temperature)  is  resinous. 

Brucine  melts  at  151°C.  into  a pale  yellow  liquid,  at  higher  tem- 
mqoeratures  becoming  deep-brown.  If  the  lower  disc  after  melting 
«fi  be  examined,  no  ci-ystals  are  observed,  the  residue  being  quite 

coi 
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transparent,  with  branching  lines  like  the  twigs  of  a leafless  tree ; 
light  mists,  produced  rather  by  decomposition  than  by  true  sub- 
imation,  condense  on  the  upper  disc  at  185°C.,  and  above. 

Saponin  neither  melts  nor  sublimes  ; it  begins  to  brown  about 
145°C.,  is  almost  black  at  185°C.,  and  quite  so  at  190°C. 

Delphinine  begins  to  brown  about  102°C.  ; it  becomes  amber 
vt  119°C.,  and  melts,  and  bubbles  appear.  There  is  no  crystalline 
mblimate  ; residue  not  characteristic. 

Pilocarpine  gives  a distinct  crystalline  sublimate  at  153°C.  ; 
nit  thin  mists,  consisting  of  fine  dots,  may  be  observed  as  low  as 
140°C.  Pilocarpine  melts  at  159°C.  ; the  sublimates  at  160°  to 
170°C.,  are.  in  light  yellow  drops  if  these  drops  are  treated  with 
vater,  and  the  water  evaporated,  feathery  crystals  are  obtained  ; 
he  residue  is  resinous. 
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Theine  wholly  sublimes ; the  first  sublimate  is  minute  dots,  atl 
79°C.  j at  half  a degree  above  that  very  small  crystals  may  bei 
obtained;  and  at  such  a temperature  as  120°C.,  the  crystals  are; 
often  long  and  silky. 

Theobromine  likewise  wholly  sublimes;  nebuloe  at  134:°C., 
crystals  at  170°C.,  and  above. 

Delphinine  gives  no  crystalline  sublimate.  It  begins  to  browu  j 
at  119°C.,  and  melts,  the  melted  mass  containing  bubbles.  Thei 
residue  is  not  characteristic. 

Salicin  melts  at  170°C. ; it  gives  no  crystalline  sublimate.-' 
The  melted  mass  remains  up  to  180°C.  almost  j)erfectly  colourless';’ I 
above  that  temperature  browning  is  evident.  The  residue  is  noti 
characteristic. 

Picrotoxin  gives  no  crystalline  sublimate.  The  lowest  tem-i: 
perature  at  which  it  sublimes  is  128°C. ; the  usual  nebulae  them 
make  their  appearance ; between  1C5°  and  170°  there  is  slights 
browning;  at  170°  it  melts.  The  residue,  slowly  cooled,  is  noh 
characteristic. 

Cantharidin  sublimes  between  82°  and  83°C,,  very  scantily 
at  85°C.  The  sublimate  is  copious. 

Quinetum  begins  to  sublime  in  distinct  crystals,  composed  ok 
short  prisms,  needles,  and  plates,  at  147°C. ; at  139°C.  the  suh-i 
stance  is  found  melted  in  drop-like  forms,  not  crystalline.  The* 
residue,  from  a sublimate  of  such  temperature  as  150°  to  160°C.,. 
is  intermixed  with  well-formed  ci-ystals. 

Quinidine  begins  to  brown  very  slightly  about  100°C.  If  keptr 
above  that  temperature  up  to  180°C.,  a rich  brown  i-esidue  is  left! 
on  the  lower  disc,  which  has  a peculiar  reticulated  appearance. 

The  active  principles  of  plants  may,  in  regard  to  their  behaviouu 
to  heat,  be  classed  for  practical  purposes  into — 

1.  'Those  which  give  a decided  crystalline  sublimate  : 

(a.)  Below  100°,  e.g.,  theine,  thebaine,  cantharidin. 

(6.)  Between  100°  and  150°,  e.g.,  qiiinetum. 

(c.)  Between  150°  and  200°,  e.g.,  strychnine,  morphine* 
pilocai'pine. 

2.  Those  which  melt,  but  give  no  crystalline  sublimate  : 

(a.)  Below  100°,  e.g.^  hyoscyamine,  atropine. 

(6.)  Between  100°  and  150°,  e.g,,  papaverin. 

(c.)  Between  150®  and  200°,  e.g.,  salicin. 

{d.)  Above  200°,  e.g.,  solanine. 

3.  Those  which  neither  melt  nor  give  a crystalline  sublimatei 
e.g.,  saponin. 
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§ 29.  Quantitative  Estimation  of  the  Alkaloids. — For  medico-legal 
purposes  the  alkaloid  obtained  is  usually  weighed  directly,  but 
for  technical  purposes  other  processes  are  used.  One  of  the 
: most  convenient  of  these  is  titration  with  normal  or  decinormal 
sulphuric  acid,  a method  applicable  to  a few  alkaloids  of  marked 
basic  powers — e.g.,  quinine  is  readily  and  with  accuracy  estimated 
in  this  way,  the  alkaloid  being  dissolved  in  a known  volume  of 
the  acid,  and  then  titrated  back  with  soda.  If  a large  number  of 
observations  are  to  be  made,  an  acid  may  be  prepared  so  that 

Ieach  cc.  equals  1 mgrm.  of  quinine.  A reagent  of  general  appli- 
cation is  found  in  the  so-called  Mayer's  reagent,  which  consists 
of  13,546  grms.  of  mercuric  chloride,  and  49-8  grms  of  iodide  of 
potash  in  the  litre  of  water.  Each  cc.  of  such  solution  pre- 
cipitates— 


Of  Str3'-clinine,  .... 

'0167  grm 

,,  Brucine, ..... 

•0233  „ 

,,  Quinine,.  .... 

•0108  „ 

,,  Cinchonine,  .... 

•0102  „ 

,,  Quinidine,  .... 

•0120  „ 

,,  Atropine,  .... 

•0145  „ 

,,  Aconitine,  .... 

•0268  „ 

,,  Veratrine,  .... 

•0269  „ 

,,  Morphine,  .... 

•0200  „ 

,,  Narcotine,  .... 

•0213  ,, 

,,  Nicotine,  .... 

•00405  „ 

,,  Coneine,  .... 

•00416  „ 
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Che  final  reaction  is  found  by  filtering,  from  time  to  time,  a drop 
)n  to  a glass  plate,  resting  on  a blackened  surface,  and  adding 
-he  test  until  no  precipitate  appears.  The  results  are  only  accu- 
•ate  when  the  strength  of  the  solution  of  the  alkaloid  is  about 
. ;200j  so  that  it  is  absolutely  necessary  first  to  ascertain  aj^proxi- 
iiatively  the  amount  present,  and  then  to  dilute  or  concentrate, 
s the  case  may  be,  until  the  proportion  mentioned  is  obtained 
A convenient  method  of  obtaining  the  sulphate  of  an  alkaloid 
or  quantitative  purposes,  and  especially  from  organic  fluids,  is 
hat  recommended  by  Wagnei’.  The  fluid  is  acidulated  with 
ulphuric  acid,  and  the  alkaloid  precipitated  by  a solution  of 
idine  in  iodide  of  potash.  The  precipitate  is  collected  and  dis- 
olved  in  an  aqueous  solution  of  hyposulphite  of  soda.  The 
Itered  solution  is  again  precipitated  with  the  iodine  reagent, 
nd  the  precipitate  dissolved  in  sulphurous  acid,  which,  on 
vaporation,  leaves  behind  the  pure  sulphate  of  the  base. 
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II.— OPIUM. 

§ 30.  Opium  is  a gummy  mass,  consisting  of  the  juice  of  the 
incised  unripe  fruit  of  the  PajMver  somniferum,  hardened  in  the 
air,  and  containing  a large  quantity  of  definite,  liighly-complex  . 
crystalline  principles.  The  following  analyses  by  Schindler, , 
although  somewhat  imperfect,  give  an  idea  as  to  the  relative  )i 
proportion  of  the  chief  constituents  : — 


Smyrna. 

Constant. 

Egyptian. 

Morphia,  .... 

10-30 

4-50 

7-00 

Codeia,  .... 

•25 

•52 

Narcotine,  .... 

1-.30 

3-47 

2-68 

Narceia,  .... 

•71 

•42 

Meconiu,  .... 

•OS 

•30 

Meconic  acid, 

4-70 

4 -38 

Peculiar  resin,  . 

10-93 

8-10 

Vegetable  mucus  - caout- 
chouc, acid,  fat,  and  vege- 
table fibre. 

2G-25 

17-18 

Brown  acid,  soluble  in  water 
and  alcohol, 

1-04 

•40 

Brown  acid,  soluble  only  in 
water,  also  gum, 

40-13 

5G-46 

Lime,  .... 

0-40 

0-02 

Magnesia,  .... 

0-07 

0-40 

Alumina,  ferric  oxide,  silica, 
calcic  phosphate. 

0'24 

*22 

Salts  and  vegetable  oil, 

0-3G 

0-36 

About .... 

9G-76 

9G-73 

Several  of  the  best  processes  for  extracting  morphine  and  tliei 
chief  crystalline  substances,  with  a view  to  their  valuation,  am 
as  follows  : — 

(1.)  SchacMs  Method.  — Five  to  ten  grins,  of  dry,  finely* 
powdered  ojiium  are  digested  with  sufficient  distilled  water  td 
make  a thin  pulp.  After  twenty-four  hours  the  whole  is  throwii 
on  a weighed  filter,  and  washed  until  the  washings  are  alnios* 
colourless  and  tasteless.  The  poi’tioii  insoluble  in  water  is  drie(| 
at  100°C.,  and  weighed;  in  good  opium  this  should  not  exceed 
40  per  cent.  The  filtrate  is  evaporated  until  it  is  about  one-fifin’ 
of  the  weight  of  the  opium  taken  originally  ; cooled,  filtered» 
and  treated  with  pure  animal  charcoal  until  the  dark-brown 
colour  is  changed  into  a brownish-yellow.  The  liquid  is  then 
re-filtered,  precipitated  with  a slight  excess  of  ammonia,  allowe* 
to  stand  in  an  open  vessel  until  all  odour  of  ammonia  did 
appears,  and  at  the  same  time  frequently  stirred,  in  order  thaj 
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the  precipitate  may  not  become  crystalline  — a form  which  is 
always  more  difficult  to  purify.  The  precipitate  is  now  collected 
on  a tared  filter,  washed,  dried,  and  weighed.  With  an  opium 
containing  10  per  cent,  of  morphine  its  weight  is  usually  14  per 
cent.  A portion  of  the  precipitate  is  then  detached  from  the 
filter,  weighed,  and  exhausted,  first  with  ether,  and  afterwards 
with  boiling  alcohol  (0‘81  specific  gravity).  Being  thus  purified 
from  narcotine,  and  containing  a little  colouring  matter  only,  it 
may  now  be  dried  and  weighed,  and  the  amount  of  morphine 
calculated  on  the  whole  from  the  data  obtained. 

(2.)  Kiefer^ s ingenious  method,*  which  is  based  on  the  fact 
that  morphine  changes  ferridcyanide  of  potash  into  ferrocyanide 
of  potash,  gives,  according  to  C.  Schacht,  no  satisfactory  result. 

(3.)  Fleury  has  proposed  a titration  by  oxalic  acid  as  fol- 
lows : — 2 grins,  of  the  powdered  opium  are  macerated  a few 
fit  hours  with  8 cc.  of  aqueous  oxalate  of  ammonia,  brought  on  a 
16  filter,  and  washed  with  5 cc.  of  water.  To  the  filtrate  an  equal 
volume  of  80  per  cent,  alcohol  and  ammonia  to  alkaline  reaction 
is  added  ; and  after  standing  tAventy-four  hours  in  a closed  flask, 
it  is  filtered,  and  the  flask  rinsed  out  with  some  cc.  of  40  per 
cent,  alcohol.  The  filter,  Avith  its  contents  after  drying,  is  placed 
in  the  same  flask  (which  should  not  bo  cleansed),  a foAV  drops  of 
alcoholic  logwood  solution  are  added,  Avith  an  excess  of  oxalic 
acid  solution  of  knoAvn  strength,  the  Avhole  being  made  up  to  100 
cc.  This  is  dhuded  into  tAvo  parts,  and  the  excess  of  acid 
titrated  back  Avith  diluted  soda-lye.  If  the  oxalic  acid  solution 
is  of  the  strength  of  4'42  grms.  to  the  litre,  eAmry  cc.  of  the  oxalic 
acid  solution  Avhich  has  become  bound  up  with  morphine,  corre- 
sponds to  0’02  grm.  of  morphine. 

(4.)  Hager's  Method  has  the  merit  of  being  speedy,  although 
the  results  are  not  perfectly  accurate  : — 5 gnus,  of  the  poAvdered 
opium  are  thoroughly  mixed  in  a mortar  with  previously  slaked 
lime,  and  then  heated  in  a flask  for  an  hour  with  50  grms.  of  dis- 
tilled Avater  at  a boiling  temperature.  The  Avhole  is  throAvn  on 
a small  filter,  and  Avashed  with  hot  water  until  the  filtrate  Aveighs 
80  grms.  This  filtrate  is  concentrated  in  the  water-bath  to  50 
grms.,  and  placed  in  a conical  glass;  T5  grm.  of  ether  and  six 
> a drops  of  good  benzine  are  then  added,  Avhich  hasten  the  separa- 
lo  tion  of  morphine,  and  hinder  the  adhesion  of  crystals  to  the  sides 
Ml  of  the  glass.  The  liquid  isAvell  stirred, and  3*5  grms.  of  chloride 
iM  of  ammonium  are  added.  After  three  hours  the  morphia  is  thus 
liqi  precipitated,  separated  by  filtration,  and  Aveighed.  The  precipi- 
tate may  be  purified  by  washing  Avith  ether ; some  morphine 
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always  remains  in  solution;  but  it  may,  as  DragenclorfF  suggests, 
be  recovered  bv  sLakinv  the  alkaline  solution  with  amvl 

V O V 

alcohol. 

§ 31.  Medicinal  and  other  Preparations  of  Opium. — The  chief 
mixtures,  pills,  and  other  forms,  officinal  and  non-officinal,  in 
Y.diich  opium  may  be  met  with,  are  as  follows  : — 


(1.)  Officinal. 

Coinpound  Tincture  of  Camphor,  1\  B.*  — Opium,  camphor, 
benzoic  acid,  oil  of  anise,  and  proof  spirit. 

Opium,  . . 41  b}i"  weight  in  100  by  measure. 

Benzoic  Acid,  .41  ,,  ,,  ,, 

Camphor,  .31  ,,  ,, 

One  grain  of  opium  is  contained  in  half  an  ounce  of  the  tincture. 

Ammoniated  Tincture  of  Opium. — Strong  solution  of  ammonia, 
rectified  spirit,  opium,  oil  of  anise,  saffron,  and  benzoic  acid. 

Opium,  1-04  parts  by  weight  in  100  by  measiu’e. 

Benzoic  acid,  1-87  „ „ ,, 

One  grain  of  opium  in  every  9G  minims. 

The  Compound  Powder  of  Kino,  P.  B. 

Opium,  ..... 

Cinnamon,  .... 

Kino,  ..... 

The  Compouyid  Poioder  of  Opium,  P.  B. 

Opium,  ..... 

Black  Pepper, 

Ginger,  ..... 

Caraway  fruit, 

Tragacanth,  .... 


5 per  cent. 
20 


<0 


10 '00  per  cent. 
13-33 
33-33 
40-00 
3-33 


?? 

5? 

?> 


Tincture  of  Opium  {Laudanum). — Opium  and  proof  spirit.  One 
grain  of  opium  in  14-8  min.;  that  is,  about  6-7  parts  by  weight  im 
100  by  measure. 


Pill  of  Lead  and  Opium,  P.  B. 

Acetate  of  Lead, 

Opium,  .... 
Confection  of  Roses, 


75-0  per  cent. 
12-5 
12-5 


* The  common  appellation  of  this  tincture  is  Parejoric,  or  Paregoric-, 
Elixir. 
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Arornalic  Powder  of  Chalk  and  Opium. — Opium  2'5  percent., 
tlie  rest  of  the  constituents  being  cinnamon,  nutmeg,  saifron, 
cloves,  cardamoms,  and  sugar. 

Compound  Powder  of  Ipecacuanha  (Dover’s  Powder). 

Opium, 10  per  cent. 

Ipecacuanha,  . . . . 10  „ 

Sulphate  of  Potash,  ...  80  „ 

Confection  of  Opium  {Confectio  opii)  is  composed  of  syrup  and 
compound  powder  of  opium  ; according  to  its  formula,  it  contains 
2'4  per  cent,  of  oi^ium  by  weight. 

Extract  of  Opium  contains  the  solid  constituents  capable  of 
extraction  bv  w’ater  ; its  strcne-th  is  about  the  same  as  opium 
itself. 

Liquid  Extract  of  Opium  contains  5 per  cent,  of  extract  of 
opium. 

Liniment  of  Opium  is  composed  of  equal  parts  of  laudanum  and 
soap  liniment;  it  contains  about  3*7  per  cent,  dry  opium. 

The  Compound  Soap-pill  is  made  of  soap  and  opium,  one  part 
of  opium  in  every  five  of  the  mass — i.e.,  20  per  cent. 

Ipecacuanha  and  Morphine  Lozenges,  as  the  last,  with  the 
addition  of  ipecacuanha;  each  lozenge  contains  grain  (P8 
mgrm.)  morphine  hydrochlorate,  jV  grain  (5 '4  mgm.)  ipecacuanha. 

Morphia  Suppositories  are  made  with  hydrochlorate  of  mor- 
phia, benzoated  lard,  white  wax,  and  oil  of  theobroma  ; each  sup- 
pository contains  -1-  grain  (32-4  mgrm.)  of  morphine  salt. 

Opium  Lozenges  are  composed  of  opium  extract,  tincture  of 
tolu,  sugar,  gum,  extract  of  liquorice,  and  water.  Each  lozenge 
contains  one-tenth  of  a grain  (G'4  mgrms.)  of  extract  of  opium. 

The  Ointment  of  Galls  and  Opium  contains  one  part  of  opium 
in  14’5  parts  of  the  ointment — i.e.,  opium  G'9  per  cent. 

Opium  IFine,  P.B. — Sherry,  opium  extract,  cinnamon,  and 
cloves.  About  4’5  of  opium  extract  by  weight  in  100  parts  by 
measure  (22  grains  to  the  ounce). 

Solutions  of  Morphia,  botli  of  tlie  acetate  and  liydrochlorate, 
P.B.,  are  made  with  a little  free  acid,  and  with  rectified  spirit. 
The  strength  of  each  is  half  a gi’ain  in  each  fluid  drachm  (-0324 
grm.  in  3-549),  or  -91  part  by  weight  in  100  by  measure. 

Morphia  Lozenges  are  made  with  the  same  accessories  as  opium 
lozenges,  substituting  morphia  for  opium  ; each  lozenge  contains 

grain  of  hydrochlorate  of  morphia  (D8  mgrm.). 

Syrup  of  Poppies. — The  ordinary  syrup  of  poppies  is  sweetened 
laudanum.  It  should,  however,  be  what  it  is  described — viz., 
a syrup  of  poppy-heads.  As  such,  it  is  said  to  contain  one  grain 
of  extract  of  opium  to  the  ounce. 
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(2.)  Patent  and  ether  Xon-OJjicinal  Preparations  of  Opium. 

Godfreys  Cordial  is  made  on  rather  a large  scale,  and  is  vari- 
able in  strength  and  composition.  It  usually  contains  about  1| 
grain  of  opium  in  each  fluid  ounce,*  and,  as  other  constituents, 
sassafras,  mola.sses  or  treacle,  rectified  spirit,  and  various  flavour- 
ing ingredients,  especially  ginger,  cloves,  and  coriander;  aniseed 
and  caraways  may  also  be  detected. 

Grinrod's  Remedy  for  Spasms  consists  of  hydrochlorate  of 
morphia,  spirit  of  sal-volatile,  ether,  and  camphor  julap;  strength, 

1 grain  of  the  hydrochlorate  in  every  6 ounces. 

Lemaurier’s  Odontalgic  Essence  is  acetate  of  morphia  dissolved 
in  cherry-laurel  water ; strength,  1 grain  to  the  ounce. 

Nepenthe  is  a preparation  very  similar  to  Liq.  Opii  sedativ.,  and 
is  of  about  the  same  strength  as  laudanum. + 

Black  Drop  (known  also  by  various  names,  such  as  Annstrong’s 
Black  Drop)  is  essentially  an  acetic  acid  solution  of  the  consti- 
tuents of  opium.  It  is  usually  considered  to  be  of  four  times 
the  strength  of  laudanum.  The  wholesale  receipt  for  it  is: 
Laudanum,  1 ounce,  and  distilled  vinegar  1 quart,  digested  for 
a fortnight.  The  original  formula  proposed  by  the  Quaker 
doctor  of  Dui’ham,  Edwai’d  Tunstall,  is — Opium,  sliced,  ^ lb.; 
good  verjuice,:];  3 pints  ; and  nutmeg,  H ounce;  boiled  down  to 
a syrupy  thickness;  -j-  lb.  of  sugar  and  2 teaspoonfuls  of  yeast  are 
then  added.  The  whole  is  set  in  a warm  place  for  six  or  eight 
weeks,  after  which  it  is  evaporated  in  the  open  air  until  it 
becomes  of  the  consistence  of  a syrup.  It  is  lastly  decanted  aud 
filtered,  a little  sugar  is  added,  and  the  liquid  made  up  to 

2 pints. 

Dalhy's  Carminative — 


Carbonate  of  magnesia. 

Tincture  of  castoi’,  and  compound 
tincture  of  cardamoms,  of  each 
Laudanum,  . . . . . 

Oil  of  aniseed,  . . . . 

Oil  of  nutmeg,  . . . . 

Oil  of  pejipermint,  . . . . 

Peppermint  water,  . . . . 


40  grains. 

15  drops. 

33 
33 
33 

2 fl.  ounces. 


5 

3 

2 

1 


* If  made  according  to  Dr.  Pari.s’  formula,  grain  in  an  ounce, 
t It  may  be  regarded  as  a purified  alcoholic  solution  of  ineconate  of  ' 
morphia,  with  a little  excess  of  acid,  and  of  about  the  same  strength  as  | 
laudanum.  {Taylor.) 

t Verjuice  is  the  juice  of  the  wild  crab. 
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' Dose,  from  a half  to  one  teaspoonful.  Another  receipt  has  no 
I laudanum,  but  instead  syj’up  of  poppies, 

Chlorodyne. — Brown’s  chlorodyne  is  composed  of — 


Chloroform, 

Chloric  ether,  . 

Tincture  of  capsicum. 
Hydrochlorate  of  morphine, 
Scheele’s  prussic  acid, 
Tincture  of  Indian  hemp. 
Treacle,  .... 

A ikinson’s  Infant  Preserver — 

Carbonate  of  magnesia, 
White  sugar,  . 

Oil  of  aniseed. 

Spirit  of  sal -volatile. 
Laudanum, 

Syrup  of  saffron, 

Caraway  water,  to  make  up. 


6 drachms. 
1 „ 

1 

8 fjrains. 

12  drops. 

1 dracbm. 


6 drachms. 
2 ounces. 
20  drops. 

2^  drachms. 

1 ounce. 

1 pint. 


Boerliavds  Odontalgic  Essence — 


Opium,  . 

Oil  of  cloves,  . 
Powdered  camphor, 
Rectified  spirit. 


0|  drachm. 

2 „ 

5 „ 

H fi.  ounce. 


§ 32.  Doses  of  Opium  and  Morphia. — Opium  in  the  solid  state  is 
ir  prescribed  for  adults  in  quantities  not  exceeding  3 grains,  the 
usual  dose  being  from  to  1 grain  (16-2  mgrms.  to  64'8  mgrms.). 
I The  extract  of  opium  is  given  in  exactly  the  same  proportions 
I (special  circumstances,  such  as  the  habitual  use  of  opium, 
l|  excepted);  the  dose  of  all  the  compounds  of  opium  is  mainH 

i regulated  by  the  proportion  of  opium  contained  in  them. 

M The  dose  for  children  (who  bear  opium  ill)  is  usually  veiy 
I small;  single  drops  of  laudanum  are  given  to  infants  at  the 

ii  breast,  and  the  dose  cautiously  increased  up  to  ten  years  old. 
' Most  practitioners  would  consider  half  a grain  a very  full  dose; 
L ;uid  in  cases  requiring  it,  would  seldom  prescribe  at  first  more 

than  to  grain. 

I The  dose  of  solid  opium  for  a horse  is  from  i drachm  to 
2 drachms  (L77  grm.  to  7-08  grms.);  in  extreme  cases,  however, 

► 4 drachms  (14T6  grms.)  have  been  given. 

' The  dose  for  large  cattle  is  from  10  to  60  grains  (‘648  to  3-88 
• grms.)  ; for  calves,  10  grains  (-648  grms.) ; for  dogs  it  is  greatly 
!' regulated  by  the  size  of  the  animal,  | grain  to  2 grains  (16-2  to 
129 -6  mgrms.). 
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Fatal  Dose. — Cases  are  recorded  of  infants  dying  from  ex- 
tremely small  doses  of  opium — e.^., and  | of  a grain 
but  in  such  instances  one  cannot  help  suspecting  some  mistake. . 
It  may,  however,  be  freely  conceded  that  a veiy  small  quantity 
might  be  fatal  to  infants,  and  that  half  a grain  given  to  a child  i 
under  one  year  would  ])robably  develop  serious  symptoms. 

The  smallest  dose  of  solid  opium  known  to  have  proved  fatal  i 
to  adults  was  equal  to  4 grains  (-250  grms.)  of  crude  opium; 
{Taylor)  ; and  the  smallest  dose  of  the  tincture  (laudanum),. 

2 drachms  (7-0  cc.)  {Taylor))  the  latter  is,  however,  rather 
uncertain  in  its  composition. 

A dangerous  dose  (save  under  special  circumstances)  is  : — For- 
a horse,  4 drachms  (14T7  grms.);  for  cattle,  2 drachms  (7‘04l 
grms.) ; for  a dog  of  the  size  and  strength  of  a foxhound, 

3 grains  (T82  grm.). 

§ 33.  General  Method  for  the  Detection  of  Opium. — It  is  usually, 
laid  down  in  forensic  works  that  where  poisoning  by  opium  is  | 
suspected,  it  is  sufficient  to  detect  the  presence  of  meconic  acid: 
in  order  to  establish  that  of  opium.  In  a case  of  adult  poison- 
ing there  is  generally  substance  enough  available  to  obtain  onei 
or  more  alkaloids,  and  the  jn’esence  of  opium  may,  without  a» 
reasonable  doubt,  be  proved,  if  meconic  acid  (as  well  as  either r 
morphia,  narcotine,  thebaia,  or  other  opium  alkaloid)  has  been; 
detected.  Pills  containing  either  solid  opium  or  the  tincture, 
usually  betray  the  presence  of  the  drug  by  the  odour,  and  in 
such  a case  there  can  be  no  possible  difficulty  in  isolating  mor- 
phine and  meconic  acid,  with  proliably  one  or  two  other  alkaloids. 
The  method  of  extraction  from  organic  fluids  is  the  same  asi 
before  described,  but  it  may,  of  course,  be  modified  for  anV' 
special  purpose.  If  opium,  or  a preparation  of  opium,  be  sub-- 
mitted  to  Dragendorff's  process  (see  p.  20 7),  the  following  is  ai 
sketch  of  the  chief  points  to  be  noticed. 

If  the  solution  is  acid — 

(1.)  Benzine  mainly  extracts  meconin,  which  dissolves  in  sul- 
phuric acid  very  gradually  (in  twenty-four  to  forty-eight  hours), 
with  a green  colour  passing  into  red.  Meconin  has  no  alkaloidal 
reaction. 

(2.)  Amyl  alcohol  dissolves  small  quantities  of  meconic  acidp 
identified  by  striking  a blood-red  colour  with  ferric  chloride. 

If  now  the  amyl  alcohol  is  removed  with  the  aid  of  petroleum, 
ether,  and  the  fluid  made  alkaline  by  ammonia — 

(1.)  Benzine  extracts  7ia,rcotine,  codeine,  and  thebaine.  On  eva-. 
poration  of  the  benzine  the  alkaloidal  residue  may  be  dissolved" 


•7,  4 '3,  and  ST  ingrms. 
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in  water,  acidified  Avith  sulphuric  acid,  and  after  filtration,  on 
adding  ammonia  in  excess,  thebaine  and  narcotine  are  precipitated, 
codeine  remaining  in  solution.  The  dried  precipitate,  if  it  con- 
ain  thebaine,  becomes  blood-red  when  treated  with  cold  concen- 
trated sulphuric  acid,  while  narcotine  is  shown  by  a violet  colour 
developing  gradually  Avhen  the  substance  is  dissolved  in  dilute 
sulphuric  acid  1 : 5,  and  gently  warmed.  The  codeine  in  the 
ammoniacal  solution  can  be  recovered  by  shaking  up  with  benzine, 
and  recognised  by  the  red  colour  Avhich  the  solid  substance  gives 
a Avhen  treated  with  a little  sugar  and  sulphuric  acid. 

(2.)  Chloroform  especially  dissolves  the  narceine,  Avhich  on  eva- 
i poration  of  the  chloroform  may  be  identified  by  its  general 
ifi  characters,  and  by  its  solution  in  Frohde’s  reagent becoming  a 
beautiful  blue  colour.  Small  quantities  of  morphine  may  be 
extracted  with  codeine. 

a (3.)  Amyl  alcohol  extracts  from  the  alkaline  solution  moi’- 
phine,  identified  by  its  physical  characters,  turning  violet  with 
Frohde’s  reagent,  blue  by  chloride  of  iron,  and  reducing  iodine 
out  of  iodic  acid ; further,  by  its  solution  in  concentrated  sul- 
h|phuric  acid  becoming,  after  a few  hours,  a red  Auolet  on  the 
addition  of  a little  nitric  acid. 

§ 34.  The  principal  alkaloids  in  opium  are — Morphia,  narcotine, 
■ codeine,  narceine,  papaverin,  thebaine,  meconin,  opianyl,  and  meconic 
acid. 

M Morphia  (morphine)  (C^^H^gNOg -i- HgO),  the  most  important 
rffalkaloid  in  opium,  is  contained  in  quantities  which  are  someAvhat 
variable.  According  to  Guibourt,  Smyrna  opium  yields  11 '7  to 
21-46  per  cent.,  the  mean  being  12  to  14  per  cent.  ; Egyptian, 
from  5-8  to  12  per  cent.  ',  Persian,  11 -37  per  cent.  In  East 
Indian  Patna  opium,  for  medical  use,  he  found  7-72  ; in  a sample 
1 used  for  smoking,  .5-27  per  cent.;  in  Algerian  opium,  12-1  per 
cent.  ; in  French  opium,  14-8  to  22-9  per  cent.  All  the  above 
determinations  are  calculated  on  the  drug  dried  at  lOO'^C. 

Morjihine  occurs  in  commerce  as  a white  powder,  usually  in 
the  form  of  more  or  less  perfect  six-sided  prisms,  but  sometimes 
in  that  of  white  silky  needles.  When  heated  in  the  subliming 
cell  (described  at  p.  284),  faint  nebulie,  resolved  by  high  micro- 
scopic powers  into  minute  dots,  appear  on  the  upper  disc  at 
150°C.  As  the  temperature  is  raised  the  spots  become  coarser, 
and  at  188°C.  distinct  crystals  may  be  obtained,  the  best  being 
formed  at  nearly  200°C.,  at  Avhich  temperature  morphia  begins 
distinctly  to  brown,  melt,  and  carbonise.  At  temperatures 
below  18&°C.,  instead  of  minute  dots,  the  sublimate  may  consist 

1 ctgrm.  of  molybdate  of  soda  in  1 cc.  of  concentrated  sulphuric  acid. 
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of  white  circular  spots  or  foliated  patterns.  It  dissolves  in  960" 
to  1000  parts  of  cold  watei’,  in  400  to  500  parts  of  boiling  water,-’ 
and  is  scarcely  soluble  in  ether  and  benzine.  Absolute  alcohol,., 
according  to  Pettenkofer,  dissolves  in  the  cold  one-fortieth  of  itst 
weight,  boiling,  one-thirtieth.  Amyl  alcohol,  in  the  cold,  dissolves^ 
one-fourth  per  cent.,  and  still  more  if  the  alkaloid  be  thrown  out  ofi 
an  aqueous  acid  solution  by  ammonia  in  the  presence  of  amyl 
alcohol ; for  under  such  circumstances  the  morphine  has  no  time> 
to  become  crystalline.  According  to  Schlimpert,  one  part  ofii 
morphine  requires  60  of  chloroform  for  solution;  according  to  ' 
Pettenkofer,  175. 

Morphine  is  easily  soluble  in  dilute  acids,  as  well  as  in  solu- 
tions of  the  caustic  alkalies  and  alkaline  earths;  carbonated:* 
alkalies  and  chloride  of  ammonium  also  dissolve  small  quantities..- 
The  acid  watery,  and  the  alcoholic  solutions,  turn  the  plane  of«, 
polarisation  to  the  left;  for  sulphuric,  niti’ic,  and  hydrochlorici 
acids  \a\r  = 89'8°;  in  alkaline  solution  the  polarisation  is  less,> 
[«]r  = 45-22°.  It  is  alkaline  in  reaction,  neutralising  acidsi 
fully;  and,  in  fact,  a convenient  method  of  titrating  morphine  is* 
by  -the  use  of  a centinormal  suljihuric  acid — each  cc.  equals  2-85! 
mgrm.  of  anhydrous  morphine. 

Products  of  Decomposition  Tests. — If  moi-phine  is  separated,  itsi 
behaviour  to  heat  (already  described)  is  very  characteristic,  andi 
assists  greatly  in  its  identification.  One  of  the  best  confirmatory 
tests  is  the  action  of  iodic  acid : — If  a little  of  the  latter  be  mixed; 
with  a drop  of  freshly-made  thin  starch  paste,*  on  a white  plate,- 
and  morphine  or  one  of  its  salts  be  added,  iodine  is  set  free,  and? 
colours  the  starch  blue. 

Another  test  is  its  reducing  action  on  bichromate  of  potash: — 
If  the  latter  salt,  with  a little  sti’ong  sulphuric  acid,  be  added  to.; 
morphine,  and  heated,  the  oxide  of  chromium  (giving  first  a. 
brown  and  then  a green  tint)  is  produced. 

Concentrated  nitric  acid  dissolves  morphine,  first  reddening: 
it,  and  the  resulting  resinous  product,  heated  %vith  potash, i 
develops  methylamin. 

Concentrated  sulphuric  acid  dissolves  morphine  in  the  cold:^ 

Instead  of  starch  paste  bisulphide  of  carbon  may  be  used.  A littU 
iodic  acid  is  put  in  a test-tube  with  a few  drops  of  bisulphide  of  carbona 
The  suspected  substance  is  then  added,  and,  on  shaking,  if  morphiue  b(i 
present,  the  bisulphide  of  carbon  is  coloured  from  a rose  to  a dark  red» 
Again,  instead  of  iodic  acid,  iodate  of  potash  may  be  employed.  It  ii; 
unnecessary  to  say  that,  for  this  purpose,  it  must  contain  no  trace  of  iodidel 
The  latter  may  be  detected  by  putting  the  iodate  in  a test-tube  with  a littl<i 
water,  sulphuric  acid,  and  carbon  bisulphide  ; the  latter  fluid  must  then 
show  no  red  colour. — Mohr. 
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/ithout  the  production  of  colour;  but  on  heating,  the  solution 
%|ecomes  first  red-violet,  then  dirty  green.* 

I If  morphine  is  heated  for  from  two  to  three  hours  in  a closed 
labe  with  dilute  hydrochloric  acid,  water  is  eliminated — 

+ H^O), 

nd  the  hydrochlorate  of  apo-morphine  is  produced.  If  morjihine 
(is  heated  with  iodide  of  methyl  and  absolute  alcohol  in  a closed 
0*1  ube  for  half  an  hour  at  100“C.,  methyl  iodide  of  morphine  is 
btained  in  colourless,  glittering,  quadratic  crystals,  easily 
oluble  in  water,  C^^Hjg(CH3)]S’03l  + HgO  ; similarly  the  ethyl 
)dide  corajiound  can  be  produced. 

If  concentrated  sulphuric  acid  be  digested  on  morphine  for 
welve  to  fifteen  hours  (or  heated  for  half  an  hour  at  100°C.),  on 
dding  to  the  cooled  violet-coloured  solution  either  a crystal  of 
Q itrate  of  potash,  or  of  chlorate  of  potash,  or  a drop  of  dilute 
itric  acid,  a beautiful  violet-blue  colour  is  pi’oduced,  which 
asses  gradually  into  a dark  blood-red.  of  a mgrm.  will 

espond  distinctly  to  this  test.  Frtihde’s  reagent  strikes  with 
lorphine  a beautiful  violet  colour,  passing  from  blue  into  dirty 
reen,  and  finally  almost  vauishing.  of  a mgrm.  will  respond 

0 the  test,  but  it  is  not  in  itself  conclusive,  since  papaverin  and 
ertain  glucosides  give  an  identical  reaction. 

One  of  the  most  conclusive  tests  for  morphine  is  the  blue  colour 
diich  it  strikes  with  neutral  chloride  of  iron.  The  best  way  to 
repare  the  solution  of  iron  is  to  sublime  some  ferric  chloride, 
nd  dissolve  the  product,  or  (as  suggested  by  Mohr)  to  use  the 
rro-ammonium  alum. 

If  morphine  is  not  detected  in  the  contents  of  the  stomach,  it 
lay  yet  be  found  in  the  intestines.f  Dragendorff  and  Kauf- 
lann,  in  their  experiments  on  animals,  recognised  morphine  in 
lie  bowels  several  days  after  the  ingestion  of  the  poison.  If 
earch  be  made  for  the  absorbed  alkaloid,  the  liver  is  the  organ 

1 which  it  has  been  most  frequently  detected  ; it  has  also  been 
lund  in  the  blood. 

§ 35.  Narcotine  (C22H23lSrO,^)  crystallises  out  of  alcohol  or 
fcher  in  colourless,  transparent,  glittering  needles,  or  groups  of 
eedles,  belonging  to  the  orthorhombic  system. 

It  is  only  slightly  soluble  in  boiling,  and  almost  insoluble  in 
old  water.  One  part  requires  100  parts  of  cold,  and  20  of  boil- 


* The  sulphuric  acid  solution,  whether  heated  or  not,  usually  contains 
I 3me  unchanged  mor[3hiue. 

t t Voit  examined  the  urine  and  faeces  of  a man  who  had  taJ^en  morphine 
■ )r  years;  none  was  detected  in  the  urine,  but  it  was  separated  readily  from 
lie  faeces.  Arch.  Pharm.  [3],  vii.  23-20. 
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iug  85  per  cent,  alcohol;  126  parts  of  cold,  48  of  boiling  ethea 
(specific  gravity  0-735);  2-69  parts  of  chloroform  ; 400  of  olivo 
oil ; 60  of  acetic  ether  ; 300  of  amyl  alcohol ; and  22  parts  ol 
benzine,  for  solution.  Tlie  neutral  solution  of  narcotine  turna 
the  plane  of  polarisation  to  the  left,  [o.]?’=  130-6 ; the  acid  solu- 
tion to  the  right. 

hTarcotine  gives  no  crystalline  sublimate ; its  behaviour  in  thgl 
subliming  cell  is  described  at  p.  286. 

Behaviour  of  Narcotine  with  Reagents. — jSlarcotine,  dissolved  in 
dilute  hydrochloric  acid,  and  then  treated  with  a little  bromine- 
gives  a yellow  precipitate,  which  on  boiling  is  dissolved ; L34 
gradually  adding-  solution  of  bromine  and  boiling,  a fine  ros9 
colour  is  produced,  but  readily  desti'05^ed  by  excess  of  bromine^ 
Tills  is  perhaps  the  best  test  for  the  presence  of  narcotine.  Con^ 
centrated  sulpluu’ic  acid  dissolves  narcotine  ; the  solution  in  tlio 
cold  is  at  first  colourless,  after  a few  minutes  yellow,  and  in  tlia 
course  of  a day  or  longer  the  tints  gradually  deepen.  If  the  soht 
tion  is  warmed,  it  first  becomes  orange-red,  then  at  the  mai’giii 
violet-blue  ; and  if  heated  until  hydric  sulphate  begins  to  volai 
tilise,  the  colour  is  an  intense  red-violet.  If  the  heating  is  uo' 
carried  so  far,  but  the  solution  allowed  to  cool,  a delicate  cherry 
red  hue  slowly  develops.  If  the  sulphuric  acid  solution  contain;- 
1 : 2000  of  the  alkaloid,  this  test  is  very  evident ; with  1 : 40,000* 
the  colour  is  only  a faint  carmine  (A.  Husemann). 

A solution  of  narcotine  in  pure  sulphuric  acid,  to  which  a droj- 
of  nitric  acid  has  been  added,  becomes  of  a red  colour  ; if  tin 
solution  is  warmed  to  150^^0.,  hypochlorite  of  soda  develops  1 
carmine-red  ; and  chloride  of  iron  first  a violet,  then  a cherry-red- 
The  precipitants  of  narcotine  are  ; phosphomolybdic  acid,  picri* 
acid,  sulphocyanide  of  potash,  potassio  cadmic  iodide,  mercuric  chlcl  I 
ride,  platinic  chloride,  auric  chloride,  and  several  other  reagent,=l 

Narcotine  is  poisonous,  and  from  2 to  3 grms.  have  proven 
fatal  to  small  dogs  and  cats.  It  has  been  given  medicinally — a- 
much  as  1-5  grm.  in  divided  doses  during  the  twenty-four  hours. 

From  the  brown  mass  left  after  heating  narcotine  abov 
200°C.,  Irydrochloric  acid  extracts  a small  portion  of  a base  bui 
little  studied.  The  residue  consists  of  humopic  acid 
which  can  be  obtained  by  dissolving  in  caustic  potash,  precipu 
tating  with  HCl,  dissolving  the  precipitate  in  boiling  alcoho. 
and  finally  throwing  it  down  by  water. 

§ 36.  Codeine  (CjgHg^NO.,)  is  an  alkaloid  contained  in  opium  i 
small  quantity  only.  Mulder,  indeed,  quotes  -66  to  -75  per  ceiu 
as  present  in  Smyrna  opium,  but  Merck  and  Schindler  give  -2' 
per  cent.  Schindler  found,  in  Constantinople,  -5  per  cent.  ; an 
Merck,  in  Bengal,  -5  pier  cent.  also. 
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Codeine  crystallises  out  of  dry  ether  in  small,  colourless, 
inhydrous  crystals ; but  crystallised  slowly  from  an  aqueous 
solution,  the  crystals  are  either  in  well-defined  octaliedra,  or  in 
u’isms,  containing  one  atom  of  water,  and  melting  in  boiling 
^vater  to  an  oily  fluid. 

It  requires  80  parts  of  cold,  17  of  boiling  water,  10  parts  of 
aenzole,  and  7 parts  of  amyl  alcohol  respectively,  for  solution. 
A.lcohol,  ether,  and  chloroform  freely  dissolve  it,  but  in  petro- 
I eum  ether  it  is  almost  insoluble.  Further,  it  is  also  soluble  in 
iqueous  ammonia,  and  in  dilute  acids,  but  insoluble  in  excess 
Df  caustic  potash  or  soda,  and  may  thus  be  thrown  out  of  an 
iqueous  solution.  A solution  of  codeine  turns  the  plane  of 
I polarisation  to  tlie  left,  [a]r  = 118'2°. 

Concentrated  sulphuric  acid  dissolves  codeine  without  colour, 
put  after  eight  days  the  solution  becomes  blue  ; this  reaction  is 
quicker  if  the  acid  contains  a trace  of  nitric  acid.  If  the  sul- 
phuric acid  solution  be  warmed  to  150°C.,  and  a drop  of  nitric 
icid  be  added  after  cooling,  a blood-red  colour  is  produced. 
Frbhde’s  reagent  (see  p.  297,  footnote)  produces  a dirty  green 
colour,  soon  becoming  Prussian  blue,  and  terminating  after 
wenty-four  hours  in  a pale  yellow. 

§ 37.  J^arceine  (C,3ll2()NOg)  crystallises  out  of  water,  alcohol,  or 
liluted  acetic  acid,  in  long,  white,  four-sided,  rhombic  prisms, 
)r  fine  bushy  united  needles.  It  has  a somewhat  bitter  taste, 
ind  is  without  odour. 

The  crystals  generally  contain  water  of  crystallisation.  One  part 
)f  narceine  dissolves  in  375  parts  of  cold,  230  of  boiling,  water. 
Very  concentrated  potash-lye  precipitates  narceine  from  its 
tvatery  solution  as  an  oil,  weaker  alkaline  liquids  dissolve  it. 
One  part  of  narceine  is  dissolved  in  945  parts  of  80  per  cent, 
ilcohol.  It  is  easily  soluble  in  boiling  alcohol  and  in  hot  acetic 
icid,  but  is  insoluble  in  ether.  Benzole  and  petroleum  ether 
extract  narceine  neither  from  acid  nor  alkaline  solutions  ; amyl 
ilcohol  and  chloroform  only  from  alkaline  aqueous  solutions  in 
small  quantities.  Harceine  turns  the  plane  of  polarisation  to 
he  left,  a[r]  = 66°7. 

It  melts  at  134°C.,  but  gives  no  crystalline  sublimate.  The 
Belted  substance  is  at  first  colourless  j but  on  raising  the  tem- 
lerature,  the  usual  transitions  of  colour  through  different  shades 
)f  brown  to  black  are  observed.  If  melted,  and  kept  a few 
legrees  above  its  melting  point,  and  then  cooled  slowly,  the 
■esidue  is  sti’aAV-coloured,  divided  into  lobes,  most  of  which  con- 
ain  feathery  crystals. 

At  high  temperatures  narceine  develops  a herring-like  odour  j 
Fe'residue  becomes  darkish  blue  with  iron  chloride.  Concen- 
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trated  iiitiic  acid  dissolves  it  witli  a yellow  colour  ; on  lieatini 
red  vapours  are  produced  : the  fluid  contains  crystals  of  oxak 
acid,  and  develops  with  potash  a volatile  base.  Concentrata 
sulphuric  acid  colours  pui*e  narceine  brown  ; but  if  impure, . 
blood-red  or  blue  colour  may  be  produced. 

Frohde’s  reagent  colours  it  first  yellow-brown,  then  yellov 
and  lastly  the  solution  becomes  colourless.  ISTarceine  forir 
precipitates  with  bichromate  of  potash,  chloride  of  gold,  I 
chloride  of  platinum,  and  several  other  reagents.  The  01)- 
formed  by  the  addition  of  potassio  zinc  iodide  is  in  haii’-hli 
crystals,  which  after  twenty-four  hours  become  blue. 

Narceine  has  been  experimented  upon  by  a large  number 
observers;  it  is  undoubtedly  a narcotic,  and  in  large  doses  = 
poison.  It  has  been  given  subcutaneously  in  doses  of  -03  an 
•OG  grm.  of  the  hydrochlorate. 

§ 38.  Faioaverin  crystallises  from  alcohol  : 

white  needles  or  scales.  It  possesses  scarcely  any  alkalii 
reaction,  and  has  but  little  effect  on  a plane  of  polarised  ligli 
It  is  almost  insoluble  in  Avater  ; alcohol  and  ether  dissolve  it 
the  cold  with  difficulty;  boiling,  copiously,  but  the  alkaloid  part' 
separates  on  cooling.  One  part  of  the  alkaloid  is  dissolved 
36'G  of  benzine,  and  in  76  pai’ts  of  amyl  alcohol.  Peti’oleiu 
ether  dissolves  it  by  the  aid  of  heat,  but  the  alkaloid  sejxxrates  | 
crystals  on  cooling.  Chloi-oform  extracts  it  from  either  acid  u 
alkaline  solutions.  Papaverin  gives  no  crystalline  sublimate, 
melts  at  130°C. ; the  residue  is  amorphous,  light  brown,  and  is  m 
characteristic.  Concentrated  sulphuric  acid  colours  it  a de» 
violet-blue,  and  dissolves  it  to  a violet,  sloAvly  fading.  TF 
solution,  by  permanganate  of  potash,  is  first  green  and  then  gre* 
Frohde’s  reagent  gives  a beautiful  violet  colour,  which  becom| 
blue,  and  Aunishes  after  tAventy-four  hours.  Diluted  solution 
of  salts  of  ixapaverin  are  not  ])recipitated  by  phqsphomolybdi 
acid.  This  is  unusual  with,  alkaloids,  and  may  assist  in  i 
identification. 

§39.  Tliehaine  (Cj^oFIgiNOg).  — Opium  seldom  contains  mud 
more  than  1 per  cent,  of  this  alkaloid.  It  usually  forms  needlJ 
or  short  crystals.  It  is  strongly  alkaline,  and  by  rubbiii 
becomes  negatively  electric.  It  is  almost  insoluble  in  AvatH 
aqueous  ammonia,  and  solutions  of  the  alkalies.  It  requires  t« 
]iarts  of  cold  alcohol  for  solution,  and  dissolves  readily  in  licj 
Ether,  hot  or  cold,  is  also  a good  solvent.  100  parts  of  benziii 
are  required  for  5-27  parts  of  thebaine,  and  100  of  amyl  alcohi 
for  1 -G7  parts.  Chloroform  dissolves  thebaine  with  difficulty  o> 

* Merck  gave  the  formula  C20H01NO4,  Hesse  C21H21NO4 ; the  latiii 
has  been  recently  confirmed  by  Beckett  and  Wright. 
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of  both  acid  and  alkaline  solutions  ; petroleum  ether  exti'acts  it 
rom  neither.  Thebaine  sublimes  at  135°C.  The  sublimate  is  in 
minute  crj'stals,  similar  to  theine;  at  higher  temperatures  (160°  to 
200°C.)  needles,  cubes,  and  prisms  are  obtained.  The  residue  is 
'awn-coloured.  Frohde’s  reagent  (as  well  as  concentrated  sul- 
)huric  acid)  dissolves  it,  with  the  production  of  a blood-red  colour, 
jassing  gradually  into  yellow.  The  precipitate  with  picric  acid 
is  yellow  and  amorphous  ; with  tannic  acid,  yellow ; with  gold 
I chloride,  red-yellow ; and  with  platinic  chloride,  citron-yellow, 

S gradually  becoming  crystalline. 

Thebaine  is  a powerful  poison.  Drs.  Crum  Brown  and  Fraser 
found  '012  grm.  fatal  to  kittens ; and  Bernard  1 grm.  fatal  to 
dogs  of  from  7 to  8 kilogrms.  weight,  if  injected  into  the  veins. 
Miiller,  howevei-,  using  the  same  quantity  subcutaneously,  did 
not  obtain  a fatal  result.  The  symptoms  noticed  hitherto 
are  very  similar  to  those  pi’oduced  by  strychnine — viz.,  tetanic 
convulsions. 

§ 40.  Meconin  {Opianyl)  (CjoHjoO,^)  is  in  the  form  of  white  glit- 
tering needles,  which  melt  under  water  at  77°C.,  and  in  air  at 
90°C.,  again  coagulating  at  75°C.  It  may  be  sublimed  in  beau- 
tiful crystals.  It  is  soluble  in  22  parts  of  boiling,  and  700  of 
cold,  water;  dissolves  easily  in  alcohol,  ether,  acetic  acid,  and 
ethereal  oil,  and  is  not  precipitated  by  acetate  of  lead.  Its  solu- 
ion  in  concentrated  sulphuric  acid  becomes,  on  warming,  purple, 
and  gives,  on  the  addition  of  'svater,  a brown  precipitate.  It 
appears  to  be  without  toxic  action  on  human  beings  and  animals. 

§ 41.  Meconic  Acid  (C^-H^O^)  crystallises  in  white  shining 
cales,  or  small  rhombic  prisms,  with  three  atoms  of  water 
'Cyll^Oy-p  3H2O) ; but  at  100°C.  this  is  lost,  and  it  becomes  an 
apaque  white  mass.  It  reddens  litmus,  and  has  a sourish  taste, 
t is  but  little  soluble  in  cold,  but  dissolves  in  four  parts  of 
soiling,  water ; it  dissolves  easily  in  alcohol,  less  so  in  ether.  It 
■ brms  well-marked  salts  ; the  barium  and  calcium  salt  crystallise 
n vith  one  atom  of  water,  the  former  having  the  composition 
T ^7H2Ba20y  -f-  H2O ; the  latter,  if  ammonium  meconate  is  precipi- 

Sated  by  calcium  chloride,  C7H2Ca.,07  + H2O  ; but  if  calcium 
•hloride  is  added  to  the  acid  itself,  the  salt  has  the  composition 
JyHgCaOy  H2O.  If  meconic  acid  is  gently  heated,  it  decom- 
)oses  into  carbon  dioxide  and  comenic  acid,  C^H^Og.  If  the  heat 
s stronger,  pyromeconic  acid,  CgH^Og — carbon  dioxide,  water, 
Lcetic  acid,  and  benzole  are  formed.  Pyromeconic  acid  is  readily 
iublinied  in  large  transparent  tables.  Chloride  of  iron,  and 
. ioluble  iron  salts  generally,  give  with  meconic  acid  (even  in  great 
lilution)  a lively  red  colour,  which  is  not  altered  by  heat,  nor  by 
he  addition  of  HCl,  nor  by  that  of  gold  chloride.  Sugar  of 
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lead  and  nitrate  of  silver  each  give  a white  precipitate ; and 
mercurous  and  mercuric  nitrates  wliite  and  yellow  precij^itates. 

In  a special  research  amongst  organic  fluids  for  meconic  acid, 
the  substances  are  extracted  by  alcohol  feebly  acidulated  with 
nitric  acid  ; on  filtration  the  alcohol,  after  the  addition  of  a little 
water,  is  distilled  off,  and  to  the  remaining  fluid  a solution  of 
acetate  of  lead  is  added,  and  the  whole  filtered.  The  filtrate 
will  contain  any  alkaloids,  whilst  meconic  acid,  if  present,  is  bound  ^ 
up  with  the  lead  on  the  filter.  The  meconate  of  lead  may  be 
either  washed  or  digested  in  strong  acetic  acid,  to  j^urify  it,  sus- 
pended in  water,  and  freed  from  lead  by  SHg  ; the  filtrate  from 
the  lead  sulphide  may  be  tested  by  ferric  chloride,  or  preferably,  at  • 
once  evaporated  to  dryness,  and  weighed.  After  this  operation 
it  is  identified.  If  the  quantity  is  so  small  that  it  cannot  be 
■conveniently  weighed,  it  may  be  estimated  colorimetrically,  by 
liavimc  a standard  solution  of  meconic  acid,  containinsr  1 maji'm. 
in  every  cc.  A few  droj)S  of  neutral  ferric  chloride  are  added  in 
a Nessler  cylinder  to  the  liquid  under  examination  ; and  the  tint 
thus  obtained  is  imitated  in  the  usual  way,  in  another  cylinder, 
bv  means  of  ferric  chloride,  the  standard  solution  and  water.  It 

*/  f 

is  also  obvious  that  the  weight  of  the  meconic  acid  may  he 
increased  by  converting  it  into  the  barium  salt — 100  parts  of 
anhydrous  baric  meconate,  C7H2Ba20,  being  equivalent  to  42'3 
of  meconic  acid, 

In  any  case  where  tlie  analyst  has  found  only  meconic  acid,  thei 
question  may  be  raised  in  court  as  to  whether  it  is  a poison  or 
not.  The  early  experiments  of  SertUnier,’"'  Langer,  Vogel,  Som- 
mering,  and  Grape,f  showed  tliat  in  comparatively  speaking 
large  doses  it  had  but  little,  if  any,  action  on  dogs  or  men. 
Albers  J has,  however,  experimented  on  frogs,  and  found  that  in. 
doses  of  T to  -2  grm.  there  is,  first,  a narcotic  action,  and  later; 
convulsions  and  death.  According  to  Schroff§  there  is  a sliglit 
narcotic  action  on  man.  Hence  it  follows  that  the  question  oh 
its  poisonous  action  is  still  undecided. 

* Ann.  Phys.,  xxv.  5G  ; xxvij.  183. 

+ De  opio  et  de  Hits  quibus  constat  partihus.  Beroh,  1822. 

:T  Arch.  Path.  Anat.,  xxvj.  248. 

§ Med.  Jahresb.  18G9. 
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III.— NUX  VOMICA. 

§ 42.  Nux  vomica  is  found  in  commerce  both  in  the  entire 
state  and  as  a powder.  It  is  the  seed  of  the  Strychnos  nur 
vomica,  or  Koochla  tree.  The  seed  is  about  the  size  of  a shilling, 
round,  flattened,  concavo-convex,  of  a yellowish-grey  or  light- 
brown  colour,  covered  Avith  a velvety  down  of  fine  radiating,  silky 
hairs ; the  texture  is  tough,  leathery,  and  not  easily  pulverised ; 
the  taste  is  intensely  bitter.  The  powder  is  not  unlike  that  of 
liquorice,  and  if  met  with  in  the  pure  state  gives  a dark  orange- 
red  colour  Avith  nitric  acid,  Avhich  is  destroyed  by  chloride  of 
tin  : the  aqueous  infusion  gives  a ]>recipitate  Avith  tincture  of 
galls,  is  reddened  by  nitric  acid,  and  giAms  an  oliAm-green  tine 
I Avith  persulphate  of  iron.  The  best  method,  however,  of  recog- 
I nising  Cjuickly  and  AA'ith  certainty  that  the  substance  under 
i examination  is  nux  vomica  poAvder,  is  to  extract  stiychnine  from 
j it  by  the  following  simple  ’process : — The  poAvder  is  completely 
I exhausted  by  boiling  alcohol  (90  per  cent.),*  the  alcoholic 
i extract  eAuxporated  to  dryness,  and  then  treated  Avith  water ; the 
i aqueous  solution  is  passed  through  a wet  filter,  and  concentrated 
i by  evaporation  to  a small  bulk.  To  this  liquid  a drop  or  so  of 
n a concentrated  solution  of  cliromate  of  potash  is  added,  and  the 
u yellow  precipitate  of  chromate  of  strychnine  thus  obtained  is 
u separated,  and  identified  both  by  its  form  and  by  the  colour 
f.  reactions  to  be  described  (p.  311). 

r § 43.  Chemical  Composition. — Xux  A omica  contains  at  least 
I ■ four  distinct  principles — 

.!  (1.)  Strychnine. 

(2.)  Brucia. 

[.  (3.)  Igasuria. 

(.  (4.)  Strychnic  or  igasxiric  acid. 

4 § 44.  Strychnine  (C.,j^Il92N202)  is  contained  in  the  bean  of  S. 

Tgnatius,  in  the  bark  (false  anyustura  baric)  and  seeds  of  the 
k ‘Strychnos  nux  vomica,  in  the  Strychnos  coluhrina,  L.,  in  the 
' Strychnos  Tiente,  Lesch,  and  probably  in  various  other  plants 
' >f  the  same  genus. 

V Commercial  strychnine  is  met  with  either  in  colourless  crystals 
>r  as  a Avhite  poAvder,  the  most  usual  form  being  that  of  the 
i dkaioid  itself;  but  the  nitrate,  sulphate,  and  acetate  are  also 
' old  to  a small  extent. 

The  microscopical  appearance  of  strychnine,  as  thrown  doAvu 

k * Instead  of  this  process,  the  more  exhaustive  one  described  at  page  CIC, 
an  of  course  be  used. 
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by  the  solution  or  vapour  of  ammonia,  may  be  referred  to  three 
leading  forms  : — the  long  rectangular  prism,  the  short  hexagonal 
prism,  or  the  regular  octahedron  (Guy).  If  obtained  from  the 
slow  evaporation  of  an  alcoholic  solution,  it  is  usually  in  the 
form  of  four-sided  pyramids  or  long  prisms  ; but  if  obtained  b};" 
speedy  evaporation  or  rapid  cooling,  it  apj)ears  as  a white  granular 
powder.  If  obtained  from  a benzole  solution,  the  deposit  is| 
usually  crystalline,  but  without  a constant  form,  though  at: 
times  the  crystals  are  extremely  distinct,  the  short  six-sided  1 
prism  prevailing;  but  triangular  plates,  dodecahedral,  rhomboidal, . 
and  pentagonal,  may  also  be  met  with  {Guy).  An  ethereal: 
solution  on  evaporation  assumes  dendritic  forms,  but  may  corn- 
tain  octahedra  and  four-sided  prisms.  A chloroform  solution^ 
deposits  rosettes,  veined  leaves,  stellate  dotted  needles,  circles -i 
with  bx’oken  radii,  and  branched  and  reticulated  forms  of  greatii 
delicacy  and  beauty  {Guy). 

Strychnine  is  very  insoluble  in  water,  although  readily  dis-j 
solved  by  acidulated  water.  According  to  Wormley’s  repeated: 
experiments,  one  part  of  strychnine  dissolves  in  8333  parts  oh 
cold  water ; and,  according  to  Pelletier  and  Cahor,  it  dissolves^ 
in  6667  parts  of  cold,  and  2500  parts  of  boiling,  water.  It  mayj 
bo  convenient,  then,  to  remember  that  a gallon  of  cold  watenj 
would  hai’dly  dissolve  more  than  10  grains  (-142  grm.  per  litre),.  I 
the  same  amount,  if  boiling,  about  30  grains  of  strychnine  (•426ti 
grm.  per  litre).  The  solubility  of  one  part  of  strychnine  in  othei:| 
menstrua  is  as  follows  : — Cold  alcohol,  0-833  specific  gravityxl 
120,  boiling,  10  parts  (Tlh'Wsiem);  cold  alcohol,  0-936  specifidj 
gravity,  240  parts  {Merck)  \ cold  alcohol,  0-815  specific  gravity » i 
107  parts  {Drayendorff).  Amyl  alcohol,  181  jxarts;  benzine,  164 -I 
chloroform,  6-9  {ScJdwijyert),  5 {Pettenkofer)-,  creosote  and  essem  i 
tial  and  fixed  oils  also  dissolve  strychnine.  |j 

Of  all  the  above  solvents,  it  is  evident  that  chloroform  is  tliel  I 
best  for  purposes  of  separation,  and  next  to  chloroform,  benzinei 

If  a speck  of  strychnine  be  placed  in  the  subliming  cell,  it  wil| 
be  found  to  sublime  usually  in  a crystalline  form  at  169°C. 
common  form  at  this  temperature,  according  to  the  Avriter’s  own 
observations,  is  minute  needles,  disposed  in  lines;  but,  as  Dl 
Ouy  has  remarked,  the  sublimate  may  consist  of  drops,  of  Avavinii 
patterns,  and  various  other  forms;  and,  further,  while  the  suhi 
limates  of  morphia  arc  made  up  of  curved  lines,  those  of  strycli! 
nine  consist  of  lines  either  straight  or  slightly  curved,  witi 
parallel  feathery  lines  at  right  angles.  On  continuing  the  heafi 
strychnine  melts  at  about  221  °C.,  and  the  lower  disc,  if  remoA'Cn 
and  examined,  is  found  to  have  a resinous  residue,  but  it  still 
continues  to  yield  sublimates  until  reduced  to  a spot  of  carbon. 
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Stryclmine  is  so  powerfully  bitter,  that  one  part  dissolved  in 
70,000  of  water  is  distinctly  perceptible  ; it  is  a strong  base,  witli 
a marked  alkaline  reaction,  neuti'alising  the  strongest  acids  fully, 
and  precipitating  many  metallic  oxides  from  their  combinations, 
often  with  the  formation  of  double  salts.  Most  of  the  salts  of 
strychnine  are  crystalline,  and  all  extremely  bitter. 

An  alcoholic  solution  of  strychnine  tiums  the  plane  of  polarisa- 
tion to  the  left,  [a]  —132-08°  to  136-78°  (Bouchardat) ; but 

acid  solutions  show  a much  smaller  rotatory  power. 

The  salts  used  in  medicine  are — the  sulphate,  officinal  only  in 
the  French  pharmacopeia  j the  nitrate,  officinal  in  the  German, 
Austrian,  Swiss,  Norse,  and  Dutch  pharmacopeias;  and  the 
acetate,  well  known  in  commerce,  but  not  officinal. 

The  Sidphate  (2CoiHq2^2^2^2^^4  + ^ neutral  salt, 
crystallising  in  four-sided,  orthorhombic  prisms,  and  soluble  in 
about  50  parts  of  cold  water. 

The  Nitrate  (C2j^Il22N202HN03)  crystallises  on  evaporation 
from  a warm  solution  of  the  alkaloid  in  dilute  nitric  acid,  in  silky 
needles,  mostly  collected  in  groups.  The  solubility  of  this  salt 
is  considerable,  one  part  dissolving  in  50  of  cold,  in  2 of  boiling, 
water ; its  solubility  in  boiling  and  cold  alcohol  (80  per  cent.)  is 
almost  the  same,  taking  60  of  the  former  and  2 of  the  latter. 

The  Acetate  crystallises  in  tufts  of  needles;  as  stated,  it  is  not 
officinal  in  any  of  the  European  pharmacopeias. 

The  chief  precipitates  or  sparingly  soluble  crystalline  com- 
pounds of  strychnine  are — 

(1.)  Tlie  Chromate  of  Strychnine  (C2|H22N202CrH02),  formed  by 
adding  a neutral  solution  of  chromate  of  potash  to  a solution  of 
I strychnine  salt,  crystallises  out  of  hot  water  in  beautiful,  very 
nsoluble,  orange-yellow  needles,  mixed  with  plates  of  various 
ize  and  thickness.  This  salt  is  of  great  practical  use  to  the 
inalyst ; for  by  its  aid  strychnine  may  be  separated  from  a 
■ariety  of  substances,  including  brucine,  the  colour  tests  being 
ather  applied  direct  to  the  strychnine  chromate,  or  the  chromate 
lecomposed  by  ammonia,  and  the  strychnine  recovered  from  the 
tlkaline  liquid  by  chloroform. 

(2.)  Sulphocyanide  of  Stryclmine  {Q 2]}^ 2^2^ ^ thick, 

■ hite  precipit-ate,  produced  by  the  addition  of  a solution  of 
otassic  sulphocyanide  to  that  of  a strychnine  salt ; on  warming 
t dissolves,  but  on  cooling  reappears  in  the 'form  of  long  silky 
leedles. 

(3.)  Double  Salts. — The  platinum  compound  obtained  by 
dding  a solution  of  platinic  chloride  to  one  of  strychnine 
hloride  has  the  composition  C2iH22N202HClPtCl2,  and  crystal- 
ses  out  of  weak  boiling  alcDhol  (in  which  it  is  somewhat 
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soluble)  in  gold-like  scales.  The  similar  palladium  compound, 
C2iH22^2^2^^^>  PdCl,  is  in  dark-brown  needles ; and  the  gold 
compound,  CgikPoNgOoHClAuCL,  in  orange-coloured  needles. 

(4.)  Strychnine  Trichloride. — The  action  of  chlorine  on  strych- 
nine, by  which  chlorine  is  substituted  for  a portion  of  the  hydro- 
gen, has  been  proposed  as  a test.  The  alkaloid  is  dissolved i 
in  very  dilute  IlCl,  so  as  to  be  only  just  acid  ; on  now  passing: 
through  chlorine  gas,  a white  insoluble  precipitate  is  formed,, 
which  may  be  recrystallised  from  ether  ; it  has  probably  the  coni-^ 
position  Cgj^HjgClglSrgOg,  and  is  extremel}''  insoluble  in  water. 

(5.)  The  Iodide  of  Strychnine  (Co^H.^gNoOgHI^)  is  obtained  by 
the  action  of  iodine  solution  on  strychnine  sulphate;  on  solution; 
of  the  precipitate  in  alcohol,  and  evaporation,  it  forms  violet- 
coloured  crystals,  very  similar  to  those  of  potassic  permanganate,  j 
Brucine  forms  a corresponding  salt  in  bronze-coloured  needles. 

§ 45.  Fated  Dose  of  Strychnine. — The  fatal  dose  varies  accordingi 
to  age,  constitution,  and  other  circumstances.  There  are  instances'! 
on  record  in  which  5 mgrms.  grain),  when  given  in  solutionjj 
by  the  stomach,  has  caused  poisonous  symptoms  ; such  casesH 
are,  however,  exceptional.  Eulenberg  has  observed  poisonoiisij 
symptoms  produced  in  adults  by  the  subcutaneous  injection  olil 
6 mgrms.  (-Jj  grain),  and  of  10  mgrms.  grain).  Bois  observedij 
marked  poisonous  symptoms  from  the  similar  subcutaneous  ad- 
ministration of  8 mgrms.  to  a child  six  years  old,  and  of  4 mgrms.-  I 
to  a child  four  years  old.  According  to  Christison,  a child  of  fromrjl 
two  to  three  years  of  ago  was  killed  by  of  a grain  (-0162  grni.).  I 
The  smallest  fatal  dose  on  record,  as  regards  adults,  is  relatedjjj 
by  Wurner,  in  which  '015  to  '03  grin,  of  sulphate  of  strychnin(|j| 
(about  to  -|  grain)  caused  a fatal  result.  Taylor  estimate:»j| 
the  fatal  dose  for  adults  as  from  to  2 grains  ('0324  to  T29(|  J 
grm.);  Guy  puts  the  minimum  at  J of  a grain  ('0162  grin.).  I 

On  the  other  hand,  recovery  has  taken  place  from  larger  dosesi  j 
Darwin  describes  recovery  from  It  grain  (-0972  grm.);  Tayloi  I 
from  3 grains  (-1944  grm.) ; and  Huseniann  from  3 to  7 grain| 
(T 944  to -4530  grm.). 

With  regard  to  the  poisonous  doses  for  animals,  it  may  hr 
stated  generally,  that  if  the  smallest  dose  producing  tetanii 
spasms  be  increased  by  one-third,  it  becomes  lethal.  Accordini 
to  Christison’s  researches,  '02  grm.  (about  ^ grain)  is  fatal  td 
swine;  *03  grm.  (-t  grain)  to  bears,  if  injected  into  the  pleural 
1 to  3 grains  ('0G48  to  '1944  grm.)  is  given  to  horses  in  cases  ci  j 
paralysis,  although  3 grains  cannot  but  be  considered  a daiigeroui 
<lose,  unless  smaller  doses  have  been  previously  admiuistero’  j 
Avithout  effect;  10  grains  would  probably  kill  a horse,  and  1 
grains  ('972  grm.)  liavc  certainly  done  so. 
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fatal  dose  depends  upon  the  size  and  weight  of  the  dog.  A sheep 
dog  would  be  killed  by  about  the  same  dose  as  an  adult  man ; 
hence  half  a gi-ain  to  such  a dog  would  be  a dangerous  dose,  if  it 
wei'e  administered  without  beginning  with  smaller  quantities. 
According  to  Rosenthal  and  Leube  the  fatal  dose  for  kittens  is 
1'2  mgrm.  (-018  grain)  for  every  pound  weight  of  the  body. 
Guinea-pigs  rec^uire  6 mgrms.  ('09  grain);  doves,  2‘4  mgrms.  ('036 
grain).  Erogs  are  very  susceptible;  sometimes  so  small  a dose  as 
•01  mgrm.  (yoVu  is  sufficient  to  excite  tetanus.  Fowls,  on 

the  other  hand,  are  very  unsusceptible,  requiring,  if  of  moderate 
size,  24  mgrms.  (•36  grain)  to  induce  a fatal  result.  Certain  birds 
also,  such  as  the  Buceros  rhinoceros,  enjoy  a special  immunity, 
and  are  said  to  feed  on  the  fruit  of  the  strychnos  tree. 

§ 46.  Beimration  of  Strychnine  from  Organic  Matters. — The 
separation  of  strychnine  from  organic  matters,  &c.,  is  undertaken 
strictly  on  the  general  principles  already  detailed  (p.  266).  It 
may  happen,  however,  that  in  cases  of  poisoning  there  is  the 
strongest  evidence  from  symptoms  in  the  person  or  animal  that 
strychnine  alone  is  to  be  sought  for.  In  an  instance  of  the  kind, 
if  a comj)lex  organic  liquid  (such  as  the  contents  of  the  stomach) 
is  under  examination,  it  is  best  to  remove  the  solid  substances 
by  filtration  through  glass-wool  or  linen,  and  evaporate  nearly  to 
dryness  over  the  water-bath,  acidifying  with  acetic  acid,  and  then 
exhausting  the  residue  repeatedly  with  boiling  alcohol  of  80  per 
cent.  The  alcoholic  extract  is  in  its  turn  evaporated  to  dryness, 
and  taken  up  with  water  ; the  aqueous  solution  is  passed  through 
a wet  filter,  and  then  shaken  up  with  the  usual  succession  of  fluids, 
viz.,  petroleum  ether,  benzole,  chloroform,  and  amyl  alcohol,  which 
will  remove  a great  number  of  impurities,  but  will  not  dissolve 
ffie  strychnine  from  the  acid  solution.  The  amyl  alcohol  may 
astly  be  removed  by  petroleum,  ether  ; and  on  removal  of  the 
inal  extractive  (which  should  be  done  as  thoroughly  as  possible) 
ffiloroform  is  added,  and  the  fluid  is  alkalised  by  ammonia,  which 
Precipitates  the  alkaloid  in  the  presence  of  the  solvent.  Should 
he  reverse  process  be  employed — that  is,  ammonia  added  first, 
md  then  chloroform — the  strychnine  is  not  so  perfectly  dissolved, 
since  it  has  time  to  assume  a crystalline  condition;  on  separation 
aid  evaporation  of  the  chloroform,  the  residue  (if  much  dis- 
coloured, or  evidently  impure)  may  be  dissolved  in  alcohol  or 
>enzole,  and  recrystallised  several  times ; this  by  practice  can  be 
lone  without  any  loss  of  substance. 

Should  search  be  made  for  minute  portions  of  strychnine  in  the 
issues,  considering  the  small  amount  of  the  poison  which  may 
'I’oduce  death,  it  is  absolutely  necessary  to  operate  on  a very 
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large  quantity  of  material.  It  would  be  advisable  to  take  the: 
wliole  of  the  liver,  the  brain,  spinal  cord,  spleen,  stomach,  duo- 
denum, kidneys,  all  the  blood  that  can  be  obtained,  and  a conn 
siderable  quantity  of  muscular  tissue,  so  as  to  make  in  all  about! 
one -eighth  to  one-tenth  of  the  whole  body  ; this  may  be  cut  up  inta 
small  pieces,  and  boiled  in  capacious  flasks  with  alcohol,  acidified: 
with  acetic  acid.  Evaporation  must  be  controlled  by  adapting 
to  the  cork  an  upright  condensei*. 

Should  the  analyst  not  have  apparatus  of  a size  to  undertaka 
this  at  one  operation,  it  may  be  done  in  separate  portions ; tha 
filtrate  from  any  single  operation  being  collected  in  a flask,  and 
the  S2)irit  distilled  off  in  order  to  be  used  for  the  next.  In  this 
way,  a large  quantity  of  the  organs  and  tissues  can  be  exhaustedr 
by  half  a gallon  of  alcohol.  Finally,  most  of  the  alcohol  is  dis| 
tilled  off,  and  the  remainder  evaporated  at  a gentle  heat  in  a I 
capacious  dish,  the  extract  being  treated  by  water,  tkc.,  aif  | 
described.  It  is  only  by  working  on  this  lai’ge  scale  that  therq  I 
is  any  probability  of  detecting  absorbed  strychnine  in  those  case* 
where  only  one  or  two  grains  have  destroyed  life,  and  even  then 
it  is  ])ossible  to  miss  the  poison. 

Strychnine  has  been  detected  in  the  blood  of  dogs  and  cats  ip 
researches  specially  undertaken  for  that  puiq^ose,  but  sometime* 
a negative  result  has  been  obtained,  without  apparent  causei 
(Dvagendorff.)*  Dragendoi'ff  gave  dogs  the  largest  possible  dos* 
of  strychnine  daily.  On  the  first  few  days  no  strychnine  was  founci 
in  the  urine,  but  later  it  was  detected,  especially  if  food  was  witlil 
Imld.  M^Adain  was  the  first  who  detected  the  absorbed  poisoiii 
recognising  it  in  the  muscles  and  ui'ine  of  a poisoned  horse,  an(| 
also  in  the  urine  of  a hound.  Dragendorff  has  found  it  in  traceii 
in  the  kidneys,  spleen,  and  pancreas  ; G uy,  in  different  part^ 
of  the  central  nervous  system  and  in  the  saliva.  So  far  ai 
the  evidence  goes,  the  liver  is  the  best  organ  to  examine  fo‘ 
strychnine;  but  all  parts  supplied  with  blood,  and  most  seci’etioiis( 
may  contain  small  quantities  of  the  alkaloid.  At  one  time  i 
was  believed  that  sti'ychnine  might  be  destroyed  by  putrefaction' 
but  the  question  of  the  decomposition  of  the  poison  in  putri(| 
bodies  may  be  said  to  be  settled.  So  far  as  all  evidence  goesj. 
strychnine  is  an  extremely  stable  substance,  and  no  amount  o 
])utrescence  will  desti’oy  it.  M'Adani  found  it  in  a horse  a niontl| 
after  death,  and  in  a duck  eight  weeks  after ; Nuneley  in  fifteei^ 
animals  forty-three  days  after  death,  when  the  bodies  were  mudi 
decomposed ; Roger  in  a body  after  five  weeks  interment ; am| 

* In  an  animal  rapidly  killed  by  a subcutaneous  injection  of  acetate  oi 
stryclinine,  no  strychnine  was  detected  either  in  the  blood  or  liver. — Dragcn^ 
dorff'. 
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lastly,  E-icliter  in  putrid  tissues  exposed  for  eleven  years  to 
decomposition  in  open  vessels. 

§ 47.  Identification  of  the  Alkaloid. — A residue  containing 
stryclinine,  or  strychnine  mixed  with  brucine,  is  identified — 

(1.)  By  its  alkaline  reaction  and  its  bitter  taste.  No  sub- 
stance can  possibly  be  strychnine  unless  it  taste  markedly 
bitter. 

(2.)  By  its  behaviour  in  the  subliming  cell  already  described  ; 
tests  may  lie  applied  to  any  of  the  sublimates,  or  to  the  substance 
itself  I)r.  Guy  has  proposed  to  treat  a sublimate  with  a drop 
of  a solution  of  dilute  picric  acid,  — -q-  ; in  a few  seconds  or 
minutes  small,  round,  greenish-brown  spots  show  themselves, 
which  spread,  often  coalesce,  and  become  the  centres  of  delicate 
arborescent  crystalline  groups,  the  elementary  form  in  all  of 
which  is  a large  section  of  a small  circle,  a rare  form,  and  one 
eminently  characteristic. 

(3.)  By  the  extremely  insoluble  chromate  of  strychnine, 
already  desciubed.*  A fluid  containing  1 : 1000  of  strychnine 
gives  with  chromate  of  potash  (if  allowed  to  stand  over  night)  a 
marked  precipitate,  dissimilar  to  all  others,  except  those  of  lead 
and  baryta  chromates,  neither  of  which  can  possibly  occur  if  an}’ 
of  the  processes  described  are  followed. 

(4.)  If  the  chromate  just  described  is  treated  on  a porcelain 
plate  with  a drop  of  pure  strong  sulphuric  acid,  a deep  rich  blue 
colour,  passing  through  purple  into  red,  rapidly  makes  its 
appearance.  Dr.  Guy,  neglecting  intermediate  colours,  aptly 
compares  the  succession — (1.)  to  the  rich  blue  of  the  Orleans 
plum ; (2.)  to  the  darker  purple  of  the  mulberry ; and,  (3.)  to 
the  bright  clear  red  of  the  sweet  orange. 

(5.)  These  colours  may  be  also  obtained  by  mixing  a drop  of 
sulphuric  acid  with  strychnine  and  a crystal,  or  speck,  of  any 
one  of  the  following  substances — ferridcyanide  of  potash,  per- 
manganate of  potash,  peroxide  of  lead,  or  peroxide  of  man- 
ganese. 

(C.)  Letheby’s  galvanic  colour  test: — If  a minute  strychnine 
residue,  obtained  by  the  evaporation  of  a drop  of  dilute  solution 
of  strychnine,  in  a cup-shaped  depression  in  a piece  of  platinum 
■ oil,  be  treated  with  a drop  of  concentrated  sulphuric  acid,  and 
die  foil  connected  with  the  positive  pole  of  a Grove  or  Smee’s 
oattery,  on  touching  the  acid  with  the  negative  pole  a violet 
::olour  flashes  out,  and  on  removing  the  pole  the  tint  remains. 

(7.)  Sonnenschein  has  proposed  the  sesquioxide  of  cerium  and 


1'-  * 1 grm.  of  strychnine  gave  r2S0  grnis.  of  the  chromate,  = 7ST  per  cent, 

d'  ■ )f  strychnine;  3 gave  3’811  of  the  chromate,  =78'77  percent,  of  strychnine. 
-Mohr. 
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sulpliuric  acid  as  a test  for  stryclinine:  the  colours  produced  are 
a beautiful  blue,  passing  slowly  into  violet,  and  terminating  in  a 
long  enduring  cberry-red. 

These  colour  tests  are  supposed  to  be  employed  upon  the 
more  or  less  pure  substance.  If,  however,  strychnine  be  mixed 
with  no  great  quantity  of  starch  or  dextrine,  tartar  emetic,  tartaric 
acid,  or  argol,  it  will  still  respond. 

Brucine,  if  in  large  quantity,  renders  the  tests  for  stiychnine 
uncertain;  but,  as  already  pointed  out,  the  strychnine  maybe 
converted  into  chromate,  and  thus  separated  from  brucine.  The 
pharmaceutical  preparations,  moreover,  do  not  contain  sufficient 
brucine  to  interfere  seriously  with  the  colour  tests.  In  mixture 
with  santonin  it  is  easily  detected.  Dragendorff  obtained 
evidence  of  its  presence  when  only  so  small  a quantity  as  ‘32 
mgrm.  was  present.  In  mixture  with  quinine  and  cinchonine, 
it  can  also  be  detected.  Dragendorff  was  able  to  render  evident . 
•025  mgrm.  mixed  with  twenty  times  its  weight  of  quin,  sulphate; ;| 
the  same  observer  likewise  recognised  •04  mgrm.  of  strychnine  • 
in  thirty-three  times  its  weight  of  caffeine.  Veratrine  is  like- 
wise not  injurious.  Since  morphine  is  used  as  an  antidote,  it;j 
might  be  separated  with  strychnine;  Reese'"  recognised  in  a| 
mixture  of  equal  parts  of  strychnine  and  morjdiino,  xouoo 
when  the  proportion  was  1:2;  grin,  when  1:3; 

grm.  when  1:4;  x(y-Joo  ’'vi^en  1:5;  1 : 10;. 

I (Toil  when  1:20;  but  these  alkaloids  are  easily  separated,.! 
ab.solute  alcohol  dissolving  out  the  morphine,  and  leaving  the -I 
strychnine. 

(8.)  2%e  Physiological  Test  consists  in  administering  the  sub- 
stance to  some  small  animal  (preferably  to  a frog),  and  inducing  J 
the  ordinary  tetanic  symptoms.  It  may  be  at  once  observed . 
tliat  if  definite  chemical  evidence  of  strychnine  has  been  obtained, 
tlie  physiological  test  is  quite  unnecessary;  and,  on  the  other d 
1 land,  should  the  application  of  a liquid  or  substance  to  a frog . 
induce  tetanus,  wliile  chemical  evidence  of  the  presence  of' 
strychnine  was  wanting,  it  would  be  hazardous  to  assert  that 
strychnine  was  present,  seeing  that  caffeine,  carbolic  acid,  jiicro- 
toxin,  and  many  other  substances  induce  similar  symptoms..! 
The  test  has,  however,  this  value  for  an  analyst,  that  it  would 
indicate  immediately  the  presence  of  some  poison.  The  bestij 
method  (if  the  test  is  used  at  all)  is  to  take  two  frogs,t  andd 
insert  under  tlie  skin  of  the  one  the  needle  of  a sub-i! 
cutaneous  syringe,  previously  charged  with  a solution  of  the. 

■*  Pharm.  Zeitt^chr.  f.  Pussl.  Jahrg.,  i.,  p.  277. 

I A very  jiracticiii  disadvantage  of  the  physiological  test  is  the  greatij 
difficulty  of  obtaiuiGg  frogs  exactly  when  wanted. 
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substance,  injecting  a moderate  quantity.  The  other  frog  is 
treated  similarly  with  a very  dilute  solution  of  strychnine,  and 
the  two  are  then  placed  under  small  glass  shades,  and  the  symp- 
toms observed  and  compared.  It  is  not  absolutely  necessary  to 
inject  the  solution  under  the  skin,  for  if  applied  to  the  surface 
the  same  effects  are  produced;  but  if  accustomed  to  manipulation, 
the  operator  will  find  the  subcutaneous  application  more  certain, 
especially  in  dealing  with  minute  quantities  of  the  alkaloid.* 

§ 48.  Brucine,  C23H.,QN20^,t  occurs  associated  with  strychnine 
in  the  plants  already  mentioned ; its  best  source  is  the  so-called 
false  angustura  bark,  which  contains  but  little  strychnine.  Its- 
action  is  similar  to  that  of  strychnine.  If  crystallised  out  of 
dilute  alcohol  it  contains  4 atoms  of  water,  easily  expelled  either 
in  a vacuum  over  sulphuric  acid  or  by  heat.  Crystallised  thus, 
it  forms  transparent  four-sided  prisms,  or  arborescent  forms,  like 
boric  acid.  If  thrown  down  by  ammonia  from  a solution  of  the 
acetate,  it  presents  itself  in  needles  or  in  tufts. 

The  recently  crystallised  alkaloid  has  a solubility  different 
from  that  which  has  effloresced,  the  former  dissolving  in  320 
parts  of  cold,  and  150  pai-ts  of  boiling,  water;  whilst  the  latter 
(according  to  Pelletier  and  Caventou),  requires  500  of  boiling, 
and  850  parts  of  cold,  water  for  solution.  Brucine  is  easily 
soluble  in  absolute,  as  well  as  in  ordinary,  alcohol;  1 part 
dissolves  in  P7  of  chloroform,  in  GO'2  of  benzine.  Petroleum 
ether,  the  volatile  and  fatty  oils  and  glycerine,  dissolve  the  alkaloid 
slightly,  amyl  alcohol  freely;  it  is  insoluble  in  anhydrous  ether. 
The  behaviour  of  brucine  in  the  subliming  cell  is  described  at 
p.  287.  The  alcoholic  solution  of  brucine  turns  the  plane  of  polari- 
sation to  the  left,  [rt]r  = — 11-27°.  The  taste  is  bitter  and  acrid. 
Soubeiran  maintains  that  it  can  be  recognised  if  one  part  is  dis- 
solved in  500,000  parts  of  water.  Brucine  fully  neutralises- 
acids,  and  forms  salts  which  are  for  tlie  most  part  crystalline. 
The  neutral  sulphate  (0231125^204811204 -f  3 |-Tl20)  is  in  long 
needles,  easily  soluble  in  water.  The  acetate  is  not  crystalline, 
tliat  of  strychnine  is  so  (p.  307). 

The  pi’ecipitants  of  solutions  of  the  salts  of  brucine  are — am- 
[iuonia,  the  caustic  and  carbonated  alkalies,  sulphocyanide  of 

i 

I 

} 

j * Methyl  strychnine,  as  well  as  methyl  brucine,  has  been  shown  by 
'brown  and  Fraser  to  have  an  effect  exactly  the  oiiposite  to  that  of  strychnine, 
j laralysing  the  muscles  like  curari.  In  the  case,  tlierefore,  of  the  methyl 
■oiupounds,  a physiological  test  would  be  very  valuable,  since  these  com- 
pounds do  not  respond  to  the  ordinary  tests. 

! -t  Sonueuschein  has  asserted  that  brucine  may  be  changed  into  strychnine 
j>y  the  action  of  NOs ; this  statement  lias  been  investigated  by  A.  J.  Cownley, 
I'ut  not  confirmed. — Pharia.  Journ.  [3],  vi.  8-11. 
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potash,  chloride  of  platinum,  phosphomolybdic  acid,  and  a large- 
number  of  general  alkaloidal  reagents. 

The  only  really  trustworthy  test  for  the  presence  of  brucine  is- 
its  behaviour  with  nitric  acid : with  that  reagent  it  produces  ail 
scarlet  colour,  passing  into  blood-red,  into  yellow-red,  andij 
finally  ending  in  yellow.  This  can  be  made  something  more  than  i 
a mere  colour-test,  for  it  is  possible  to  obtain  a crystalline  body.] 
from  the  action  of  nitric  acid  on  brucine.  If  a little  of  the  lattenl 
be  put  in  a test-tube,  and  treated  with  nitric  acid  of  1-4  specific! 
gravity  (immei’sing  the  test-tube  in  cold  water  to  moderate  thei 
action),  the  scarlet  colour  is  produced,  and  there  is  a develop- 
ment of  nitric  oxide  and  carbon  dioxide,  and  the  formation  otj 
methvl  nitrite,  oxalic  acid,  and  kakotelin,  + 5NH0. 

= -I-  N(CH3)02  + + 2NO  + 2H20.“  On  dilutiuo,| 

abundantly  with  Avater,  the,  kakotelin  separates  in  yellow  flocks,: 
and  may  be  crystallised  out  of  dilute  hydrochloric  or  dilute  nitri 
acid  in  the  form  of  yellow  or  orange-red  crystals,  very  insoluble! 
in  Avater,  but  dissolving  readily  in  dilute  acid.  On  remoA'al  by. 
dilution  of  the  product  just  named,  neutralisation  Avith  ammoniac 
and  addition  of  a solution  of  chloride  of  calcium,  the  oxalate  oti 
lime  is  throAvn  doAvn.  This  combined  test — xiz.,  the  production 
by  the  action  of  nitric  acid,  (1.)  of  a red  colour  ; (2.)  of  yellow 
scales  or  crystals  insoluble  in  Av-ater;  (3.)  of  oxalic  acid — cans 
belong  to  no  alkaloid  except  brucine. 

There  are  other  methods  of  producing  the  colour  test.  If  £ 
feAv  drops  of  nitric  acid  are  mixed  Avith  the  substance  in  a tesi 
tube,  and  then  sulphuric  acid  cautiously  added,  so  as  to  form  i 
layer  at  the  bottom,  at  the  junction  of  the  liquids  a red  zone* 
passing  into  yelloAv,  is  seen. 

A solution  of  brucine  is  also  coloured  red  by  chlorine  gasj 
ammonia  changing  the  colour  into  yelloAV. 

§ 49.  Fatal  Dose  of  Brucine. — There  has  been  some  confusioi! 
relative  to  the  quantity  of  brucine  required  to  produce  fatal  results* 
oAving,  probably,  to  the  alkaloid  having  been  contaminated  Avitll 
strychnine,  or  otherwise  rendered  impure.  Pelletier  considered 
it,  in  comparison  Avith  strychnine,  10  times,  Majendie,  12  timesi 
and  Andral  24  times  AA^eaker ; it  is,  hoAvever,  iioav  held  tc 
be,  Avhen  perfectly  pure,  about  from  G to  7 times  Aveaker  than 
strychnine.  The  e.xperiments  of  Abee  and  Falcke  have  als(| 
shoAvn  that  much  depends  not  only  on  attendant  circumstancesi 
but  also  on  the  form  in  Avhich  it  is  administered — Avhether  as  ait 
alkaloid,  or  combined  Avith  citric  or  acetic  acid,  itc.* 

In  regard  to  the  separation  of  brucine  from  organic  fluids  o 

* Abee  : Experimentale  Untersuchmigen  iiber  den  Einfliiss  des  Bruciu: 
auf  die  Thierischc  Organisation.  Marburg,  1801. 
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tissue.?,  the  process  already  detailed  for  stiychnine  suffices.  It  is 
of  very  gi'eat  importance  to  ascertain  whether  both  strychnine 
and  brucine  are  present  or  not — the  presence  of  both  pointing  to 
nux  vomica  or  one  of  its  preparations.  The  presence  of  brucine 
may,  of  course,  be  owing  to  impure  strychnine  ; but  if  found  in 
the  tissues,  that  solution  of  the  question  is  improbable,  the  com- 
mercial strychnine  of  the  present  day  being  usually  pure,  or  at 
the  most  containing  so  small  a quantity  of  brucine  as  would 
hardly  be  separated  from  the  tissues. 

§ 50.  Igasurin  is  an  alkaloid  as  yet  but  little  studied  ; it 
appears  that  it  can  be  obtained  from  the  boiling-hot  watery 
extract  of  nux  vomica  seeds,  through  precipitating  the  strych- 
nine and  brucine  by  lime,  and  evaporation  of  the  filtrate. 
According  to  Desnoix'^  it  forms  white  crystals  containing  10  per 
cent,  of  water  of  crystallisation. 

It  is  said  to  be  iioisonous,  its  action  being  similar  to  that  of 
strychnine  and  brucine,  and  in  activity  standing  midway  between 
the  two, 

§ 51.  Strychnic  Acid. — Pelletier  and  Caventou  obtained  by 
boiling  with  spirit  small,  hard,  warty  crystals  of  an  organic 
acid,  from  S.  Ignatius,  as  well  as  from  nux  vomica  seeds.  The 
seeds  were  first  exhausted  by  ether,  the  alcohol  solution  was 
filtered  and  evaporated,  and  the  extract  treated  with  water  and 
magnesia,  filtered,  and  the  residue  first  washed  with  cold  water, 
then  with  hot  spirit,  and  boiled  lastly  with  a considerable  quan- 
tity of  water.  The  solution  thus  obtained  was  precipitated 
with  acetate  of  lead,  the  lead  thi*own  out  by  SH<„  and  the  solu- 
tion evaporated,  the  acid  crystallising  out.  It  is  a substance 
as  yet  imperfectly  studied,  and  probably  identical  with  malic 
acid. 

§ 52.  rhao'maceutical  and  other  Preparations  of  Nux  Vomica 
and  Strychnine,  with  Suggestions  for  their  Valuation. 

An  aqueous  extract  of  nux  vomica,  officinal  in  the  German 
pharmacopeia,  appears  to  contain  principally  brucine,  with  a 
small  percentage  of  strychnine  ; the  proportion  of  brucine  to 
strychnine  being  about  four-fifths  to  one-fifth.  Blossfield  found 
iu  a sample  4-3  per  cent,  of  total  alkaloid,  and  two  samples 
examined  by  Grundmann  consisted  of  (No.  1)  strychnine,  Offi 
per  cent.,  brucine  2'58  jier  cent.,  total,  3T8  per  cent.;  (No.  2), 
ptrychnine,  0-68  per  cent.,  brucine,  2-62  per  cent.,  total,  3-3  per 
i^eiit.  A sample  examined  by  Dragendorff  yielded,  strychnine 
p’8  per  cent.,  brucine  3-2  per  cent,,  total  -4  per  cent, 
t The  spirituous  extract  of  nux  vomica,  officinal  in  the  British 
liud  all  the  Continental  pharmacopeias,  differs  from  the  aqueous 
* Desnoix,  Journ.  Pharm.  (.3),  xxv.  202. 


31 G A MANUAL  OF  PRACTICAL  CHEMISTRY.  [§  52. 

in  containing  a much  larger  proportion  of  alkaloids,  the  total  I 
percentage  varying  from  7 to  8'G  per  cent.,  and  about  half  the  j 
total  quantity  being  strychnine. 

There  is  also  an  extract  of  St.  Ignatius  hean  ■which  is  used 
in  the  States,  and  is  more  active  than  the  extract  of  nux 
vomica,  since  nearly  the  -whole  of  its  alkaloid  may  be  referred, 
to  strychnine. 

The  tincture  of  nux  vomica  varies  somewhat  in  strength. 
Lieth  found  in  one  sample  0T22  per  cent,  of  strychnine,  andi 
0-09  per  cent,  brucine  j and  two  samples  examined  by  Wisseli 
consisted  respectively  of  0'353  per  cent,  and  0-34G  per  cent,  ofi 
total  alkaloids.  Dragendorff  found  in  two  samples  -2624  per; 
cent,  and  ‘244  per  cent,  of  total  alkaloids,  about  half  of  whiclu 
was  strychnine. 

Analysis. — Either  of  the  extracts  may  be  treated  for  a few.-’ 
hours  on  the  water-bath,  Avith  Avater  acidulated  b}^  sulphuric: 
acid,  filtered,  the  residue  Avell  Avashed,  the  acid  liquid  shakem 
up  with  benzine  to  separate  impurities,  and,  on  removal  of  bhe»- 
benzine,  alkalised  Avith  ammonia,  and  shaken  up  tAvo  or  tbree» 
times  Avith  chloroform  j the  chloroform  is  then  eA’aporated  in  a 
tared  A’essel,  and  the  total  alkaloids  Aveighed.  Strychnine,  as: 
before  stated,  may  be  separated  from  brucine  by  dissolving  thei 
latter  out  Avith  absolute  alcohol.  The  tincture  is  analysed  on 
precisely  similar  principles,  the  spirit  being  got  rid  of  by  distilla-i 
tion,  and  the  residue  treated  by  acidified  Avater,  <fec. 

The  nux  vomica  powder  itself  may  be  valued  as  folloAvs  : — 
15  to  20  grms.,  pulverised  as  finely  as  possible,  are  treated  threa 
times  Avith  150  to  300  cc.  of  water,  acidified  Avith  sulphuric  acid. 
Avell  boiled,  and  after  each  boiling  filtered  and  thoroughly  pressed^ 
The  last  exhaustion  must  be  destitute  of  all  bitter  taste.  Tha 
united  filtrates  are  then  evaporated  to  the  consistence  of  a tliicli 
syrup,  which  is  treated  with  sufficient  burnt  magnesia  to  neu-i 
tralise  the  acid.  The  extract  is  noAv  thoroughly  exhausted  Avitls 
boiling  alcohol  of  90  per  cent. ; the  alcoholic  extract,  in  its  turni 
is  evaporated  neai'ly  to  dryness,  and  treated  Avith  acidulateii 
Avater ; this  acid  solution  is  freed  from  impurities  by  shaking  up 
Avith  benzine,  and  lastly  alkalised  Avith  ammonia,  and  the  alka. 
loids  extracted  by  shaking  up  Avith  successive  portions  of  clilo< 
roform.  Tlie  chloroformic  extract  equals  the  total  alkaloids! 
Avhich  may  be  separated  in  the  usual  Avay. 

In  four  samples  of  nux  A’omica  examined  by  Dragendorff,  th4 
total  alkaloids  I’anged  from  2-33  to  2-42  per  cent.  Grate  founci 
in  tAvo  samples  2-88  per  cent,  and  2-8G  per  cent,  respectively; 
Avhile  Karing  from  one  sample  separated  only  DG5  per  cent.  The 
strychnine  and  brucine  are  in  about  equal  proportions,  Drageu! 
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dorff*  finding  1'187  per  cent,  strychnine,  and  1’145  per  cent, 
brucine,  t 

The  vermin-killers  in  use  in  this  country  are  : Miller’s  rat- 
powder,  Battle’s  vermin-killer,  and  Butler’s  vermin-killer. 

Miller’s  rat-powder  consists  of  1 oz.  of  nux  vomica,  and  1 lb.  of 
oatmeal,  7.e.,  about  5'8  per  cent,  of  nux  vomica.  Since  the 
average  amount  of  strychnine  in  nux  vomica  is  ’4  per  cent.,  and 
brucine  three  times  that  quantit}^  viz.,  1'2  per  cent.,  the  proba- 
bility is  that  this  powder  contains  about  '023  per  cent,  strych- 
nine and  ‘067  per  cent,  brucine. 

Battle’s  vermin-killer  (according  to  an  analysis  by  Tardieu) 
contains  the  following  in  each  packet. 


In  other  words,  each  packet  weighs  19  grains  (or  nearly  a scruple), 
and  contains  about  1^  grain  of  strychnine,  or  about  7 ‘7  per 
cent. 

Butler’s  vermin-killer  is  a mixture  of  flour,  soot,  and  stiych- 
nine,  but  sometimes  Prussian  blue  is  substituted  for  soot.  It  is 
sold  in  threepenny  and  sixpenny  packets.  The  latter  Taylor 
found  to  weigh  a drachm  (3-8  gnus.),  and  to  contain  from  2 to  3 
grains  (T3  to  T9  grm.)  of  strychnine;  the  threepenny  packet 
about  half  this  quantity. 

The  amount  of  strychnine  and  brucine  in  Miller’s  rat-powder 
is  valued  exactly  as  in  the  case  of  nux  vomica  powder. 

Battle’s  or  Butlei'’s  vermin-powder  merely  requires  exhaustion 
by  benzole  or  chloroform ; if  not  pure,  purification  is  easy  on 
well  known  principles. 

* Dragendorff,  ‘ ‘ Die  Chemische  W ertlibe.stimmung  einiger  Starkwirkendeii 
i)roguen.”  St.  Petersburg,  1874. 

+ These  details  are  very  necessary,  as  bearing  on  the  question  of  the  fatal 
lose  of  nux  vomica,  which  Taylor  tells  us  [Med.  Jurlspriid.,  I.  409)  was  of 
!ome  importance  in  Reg.  v.  Wren,  in  which  47  grains  were  attempted  to  bo 
;iven  in  milk.  The  fatal  dose  of  nux  vomica  must  be  ruled  by  its  alkaloidal 
content,  which  may  be  so  low  as  1 per  cent.,  and  as  high  as  nearly  3 per  cent. 
iO  grains  have  proved  fatal  [Taylor) ; if  the  powder  in  this  instance  was  of 
he  ordinary  strength,  the  person  died  from  less  than  a grain  (-0648  grm.) 
f the  united  alkaloids. 


Strychnine, 
Potato  Starch,  . 
Prussian  Blue,  . 


OTO 

1-00 

0-20 


1‘30  grms. 
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IV.— BELLADONNA. 

§ 53.  The  Atropa  belladonna,  or  deadly  nightshade,  is  indi 
geiions,  and  may  he  found  in  some  parts  of  England,  although  it 
cannot  ho  said  to  he  very  common.  It  belongs  to  the  Solanaceoe, 
and  is  a herhaceous  plant,  with  broadly  ovate  entire  leaves,  and 
lurid-purple  axillary  tlowers  on  short  stalks  ; the  berries  are 
violet-black,  and  the  whole  of  the  plant  is  highly  poisonous. 
Tlie  juice  of  the  leaves  stain  paper  a purple  colour.  The  seeds 
are  very  small,  kidney-shaped,  weighing  about  90  to  the  grain ; 
they  are  covered  closely  with  small,  round  projections,  and  are 
easily  identified  by  an  expert,  who  may  be  supposed  to  have  at 
hand  (as  is  most  essential)  samples  of  different  poisonous  seeds 
for  comparison.  The  nightshade  owes  its  poisonous  properties 
to  atropine. 

§ 54.  Atropine  {Daturine)jQi-y.jllc^^O^. — This  important  alkaloid 
has  been  found  in  all  parts  of  the  Atropa  belladonna,  or  deadly 
nightshade,  in  the  Datura  stramonium,  and  in  the  seeds  of  the 
Datura  o,rborea.  It  pi'obably  exists  in  all  the  species  of  Datura. 
The  yield  of  the  different  parts  of  belladonna,  according  tor 
Gunther,*  is  as  follows ; — 


Quantity  of  Alkaloids  in  the 
Fresh  Substance,  per  cent. 

Quantity  of  Alkaloids  in  the 
Dry  Substance,  per  cent. 

(n.)  By 
Weighing. 

(b)  By 
Titration. 

(o)  By 
W eighing. 

(6)  By 
Titration. 

Leaves, 

0-2022 

0-20072 

0-838 

0-828 

Stallc, 

:0-0422 

— 

0-146 

— 

Pkipe  fruit, 

0-2128 

0-20258 

0-821 

0-805 

Seed, 

0-2667G 

— 

0-407 

— 

Unripe  fruit. 

0-1870 

0-1930 

0-955 

0-955 

Boot, 

0 0792 

— 

0-210 

— 

Atropine  appears  to  exist  in  the  plant  in  combination  with  mahi 
acid.  Another  alkaloid  has  been  described,  Belladonin;  but  tbni, 
is  probably  only  a product  of  the  decomposition  of  atropine,  aui, 
has  not  yet  been  sufficiently  studied. 

* Pharm.  Zeitschr.  f.  PussL,  Feb.,  1869.  Dragendorff,  “Die  Chemiscli 
Wertbbestimmung  einiger  Starkwirkcnden  Drogucn.”  St.  Petersburg,  18/^ 
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Atropine  forms  colourless  crystals  (mostly  in  groups  or  tufts 
of  needles  and  prisms),  wliicli  are  heavier  than  water,  and  possess 
no  smell,  but  an  unpleasant,  long-enduring,  bitter  taste.  Accord- 
ing to  actual  experiments,  it  melts  about  97°C.  (other  chemists 
give  90°) ; it  is  also  said  to  sublime  scantily  in  a crystalline  form, 
but  the  writer  has  been  unable  to  obtain  any  crystals  by  sub- 
limation ; about  123°C.  faint  mists  collect  on  the  upper  disc, 
but  they  are  perfectly  amorphous.* 

Its  reaction  is  alkaline ; one  part  requires,  of  cold  water,  300; 
of  boiling,  58;  of  ether,  30;  of  benzole,  40;  and  of  chloroform, 
3 parts  for  solution.  In  alcohol  and  amyl  alcohol  it  dissolves  in. 
almost  every  proportion.  It  turns  the  plane  of  polarisation 
weakly  to  the  left. 

Atropine  mixed  with  nitric  acid  exhibits  no  change  of  colour. 
The  same  is  the  case  with  concentrated  sulplnuic  acid  in  the 
cold ; but  on  heating,  there  ensues  the  common  browning,  with 
development  of  a peculiar  odour,  likened  by  Gulielmo  to  orange 
flowers,  by  Dragendorff  to  the  flowers  of  the  Prunus  fadus, 
and  by  Otto  to  the  Spircea  ulmaria — a sufiicient  evidence  of  the 
untrustworthiness  of  this  as  a distinctive  test.  The  odour, 
indeed,  with  small  quantities,  is  certainly  not  powerful,  nor  is  it 
strongly  suggestive  of  any  of  the  plants  mentioned.  A far  more 
decided  odour  is  given  off  if  a speck  of  atropine  is  evaporated  to 
dryness  with  a few  drops  of  strong  solution  of  baryta,  and  heated 

B strongly  ; the  scent  is  decidedly  analogous  to  that  of  hawthorn- 
blossom,  and  unmistakably  agreeable. 

BBy  the  action  of  fuming  hydrochloric  acid,  or  that  of  caustic 
ilkalies,  atropine  is  decomposed  into  tropine  (CglT^gNO)  and 
Topic  acid  (Cf)IIjQ03).f  Tropine  is  a white,  cr3^stalline,  strongly 
ilkaline  mass,  melting  at  G0°C.,  and  volatilising  at  230°C.  unde- 
iM  composed.  It  is  soluble  in  water,  alcohol,  and  ether,  and  gives 
Iq  precipitates  with  tannic  acid,  iodised  hydriodic  acid,  Mayer’s 
■eagent,  gold  chloride,  and  mercuric  chloride. J Atropic  acid 
CgHgOg)  and  isatropic  acid  (CgllgOg)  may  also  be  obtained  by 
he  action  of  hydrochloric  acid  ; the  first,  in  radiating  crystals, 
gn melting  at  106-5°,  and  capable  of  distillation;  the  second,  in  thin 
hombic  plates,  melting  about  200°C.,  and  not  volatile. 

The  precipitate  which  atropine  gives  with  chloride  of  gold  in 
ydrochloric  acid  solution  assumes  the  form  of  foliated  groups;  its 
omposition  is  Cj^K^gNOgHClAuClg.  Cai'bazotic  acid  also  gives 
precipitate  of  beautiful  plates,  but  neither  of  these  can  be  said 

* Doubtless  crystals  could  be  obtained  by  sublimation  in  vacuo. 
t The  reaction  may  be  represented  thus,  Ci7H23NO3-{-H20=:C8H2r;NO 
C9H10O3. 

X Selmi,  Journ.  Chem.  Soc.,  I.,  1877,  94. 
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to  be  cberacteristic  or  decisive  of  atropine.  Tiie  most  reliable 
test  is  the  peculiar  odour  with  baryta  before-mentioned,  and 
the  physiological  action,  on  the  pupil  of  the  eye,  a solution  ol 
atropine,  even  when  so  weak  as  1 : 130000,  dilating  the  irisi 
This  action  on  the  iris  has  been  studied  by  Ruyter,*  Donders 
and  Yon  Graefe.f  It  is  entirely  a local  action,  taking  effect 
when  in  dilute  solution  only  on  the  eye  to  which  it  has  beeni 
applied  ; and  it  has  been  produced  on  the  eyes  of  frogs,  not  011I3; 
in  the  living  subject,  but  after  the  head  has  been  severed  from 
the  body  and  deprived  of  brain.  The  thinner  the  cornea,  th( 
quicker  the  dilatation ; therefore,  the  jmunger  the  person  0 
animal,  the  more  suitable  for  experiment.  In  frogs,  with 
solution  of  1 : 250,  dilatation  commences  in  about  five  minutes  J 


in  pigeons,  seven  minutes ; and  in  kittens,  ten  minutes.  Ti 


man,  a solution  of  1 : 120  commences  to  act  in  about  six  to  sevei; 
minutes,  reaches  its  highest  point  in  from  ten  to  fifteen  minutcff 
and  persists  more  or  less  for  six  to  eight  days.  A solution  0: 
1 : 480  acts  first  in  fifteen  to  twenty  minutes,  and  reaches  iti 
greatest  point  in  twenty  minutes  ; a solution  of  1 : 48000  require 
from  three-quarters  of  an  hour  to  an  hour  to  show  its  effect 
Dogs  and  cats  are  far  more  sensible  to  its  influence  than  man 
and  therefore  more  suitable  for  exjieriinent.  If  the  expei 
chooses,  he  may  essay  the  proof  upon  himself,  controlling  th 
dilatation  by  Calabar  bean  ; but  it  is  seldom  necessary  or  advin 
able  to  make  personal  trials  of  this  nature. 

§ 55.  Pharmaceutical  Preparations. — It  would  appear  that  nioa 
of  the  pharmaceutical  preparations  can  be  titrated  by  addinr 
Mayer’s  reagent  (diluted  one-half)  to  an  acid  aqueous  solution  < 
the  active  priirciple,  each  cc.  being  equal  to  G-25  mgrms.  < 
atropine,  when  a solution  of  the  approximate  strength  of  1 : 501 
is  operated  upon.  Or  the  alkaloid  may  be  precipitated  by  tli 
undiluted  Mayer’s  reagent,  the  precipitate  collected  on  a filtei 
washed  with  watei-,  and  dissolved  in  alcohol  of  90  to  95  per  ceni 
The  alcoholic  solution  is  then  evaporated  and  weighed ; it  co 
tains  44-9  per  cent,  of  atropine.j;  The  various  pharmaceutici 
preparations  are — The  leaves,  root,  extract  of  the  leaves,  an  oiin 
ment  and  a plaster  made  with  the  extract,  a tincture  of  tl 
leaves,  a liniment  {which  is  practically  a tincture  of  the  roo 
flavoiu-ed  with  camphor),  atropine  itself,  a weak  alcoholic  soluti( 
of  atropine  (-83  per  cent.),  an  ointment  of  atropine  (1-66  per  centi 
the  sulphate  of  atropine,  and,  lasting  a solution  of  sulphate 
ati'opine  (-83  per  cent.) 

* Dr.  Ruyter— “ De  actione  atropse  Belladoimcc  in  iridem.'’  Traj. 
Pvhen,  1852. 

+ Von  Gracfe,  Arch.  Opthal.,  ix.  262,  1864. 

+ Dragcndorff,  op  cit. 
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§ 56.  Fatal  Dose. — The  exact  quantity  wliicli  may  cause  death, 
it  is  impossible  to  state  with  precision,  atropine  being  one  of 
those  substances  whose  effect,  varying  in  different  cases,  seems 
to  depend  on  special  constitutional  tendencies,  or  idiosyncracies, 
of  the  individual.  Some  persons  take  a comparatively  large 
amount  with  impunity,  while  others  scarcely  bear  a very 
moderate  dose  without  exhibiting  unpleasant  symptoms.  Eight 
ingrras.  grain)  have  been  known  to  produce  poisonous  symp- 
toms ; and  T29  grm.  (2  grains),  death;  we  may  therefore  infer 
that  about  ’0648  grm.  (1  grain)  Avould,  unchecked  by  remedies, 
probably  act  fatally.  Different  animals  show  various  degrees  of 
susceptibility  to  the  drug.  Cats  suffer,  but  generally  recover, 
from  subcutaneous  administration  in  quantities  of  6 grms.  (9*0 
grains)  of  the  sulphate  ; and  rats,  guinea-pigs,  and  hedgehogs, 
bear  equally  large  doses. 

Atropine  is  used  in  veterinary  practice,  from  32'4  to  64-8 
mgrms.  [|-  to  1 grain]  and  more  being  injected  subcutaneously,  but 
the  extent  to  which  this  may  be  done  with  safety  is  not  yet 
established. 

§ 57.  Separation  of  Atropine  from  Organic  Tissues,  &c. 

Erom  the  contents  of  the  stomach  atropine  may  be  separated 
by  acidulating  strongly  with  sulphuric  acid  (15  to  20  cc.  of  dilute 
HgSO^  to  100  cc.),  digesting  for  some  time  at  a temperature  not 
exceeding  70°C.,  and  then  reducing  any  solid  matter  to  a pulp  by 
friction,  and  filtering,  which  can  generally  be  effected  by  the 
aid  of  a filter-pump.  The  liver,  muscles,*  and  coagulated  blood, 
&c.,  may  also  be  treated  in  a precisely  similar  way.  The  acid 
liquid  thus  obtained  is  first,  to  remove  impurities,  shaken 
p with  amyl  alcohol,  and  after  the  separation  of  the  latter  in 
he  usual  manner,  it  is  agitated  with  chloroform,  wliich  will 
ake  up  any  of  the  remaining  amyl  alcohol,|  and  also  serve 
purify  further.  The  chloroform  is  then  removed  by  a 
ipette  (or  the  separating  flask  before  described),  and  the  fluid 
ade  alkaline,  and  shaken  up  with  ether,  which  on  removal 
allowed  to  evaporate  spontaneously.  The  residue  will  be 
ound  to  contain  atropine,  if  present,  and,  possibly,  sulphate 
•f  ammonia.  If  the  latter  is  suspected,  the  residue  should 
'6  treated  with  absolute  alcohol,  in  which  ammonia  sulphate 
3 insoluble. 


* Neither  amvl  alcohol  nor  chloroform  removes  atropine  from  an  acid 
blution. 

t Atropine  goes  into  the  blood,  and  appears  to  be  present  in  the  different 
'■gans  in  direct  proportion  to  the  quantity  of  blood  they  contain.  Dragen- 
prff  has  found  in  the  muscles  of  rabbits  fed  upon  belladonna  sufficient  atro- 
ine  for  quantitative  estimation. 

Y 
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From  tlie  urine*  ati-opiue  may  be  extracted  by  acidifying  with 
sulphuric  acid,  and  agitation  with  the  same  series  of  solvents. 


V.- HENBANE. 

§ 58.  The  seeds,  the  leaves,  and  the  root  of  the  Ilyoscyamus- 
niger,  as  well  as  those  of  the  Ilyoscyamus  alba,  all  contain  a very  I 
powerful  alkaloid,  hyoscy amine. 

llyoscyamine,  as  separated  in  the  course  of  analysis,  is  a: 
resinoid,  sticky,  amorphous  mass,  difficult  to  dry,  and  possessing! 
a tobacco-like  odour.  It  can,  however,  be  obtained  in  well- 
marked  odourless  ciystals,  which  melt  at  90°C.,  a portion  sub- 
liming unchanged.  According  to  Thovroy,t  hyoscy  amine  crystal- 
lises out  of  chloroform  in  I'hombic  tables,  and  out  of  benzole*] 
in  fine  needles  ; but  out  of  ether  or  amyl  alcohol  it  remainsi 
amorphous.  When  perfectly  pure,  it  dissolves  with  difficiUty 
in  cold,  but  more  readily  in  hot,  water  ; if  impure,  it  is  hygro-; 
scopic,  and  its  solubility  is  much  increased.  In  any  case,  iii| 
dissolves  easily  in  alcohol,  ethei’,  chloroform,  amyl  alcohol,  ben- 
zole, and  dilute  acids.  Hyoscyamine  neutralises  acids  fully,  and 
forms  crystallisablc  salts,  which  assume  for  the  most  part  tha 
form  of  fine  needles. 

§ 59.  Pharmaceutical  a.ncl  other  Prey)arations  of  Henbane. — Tli 
leaves  are  alone  officinal  in  the  European  pharmacopeias  ; but  tb 
seeds  and  the  root,  or  the  flowers,  may  be  met  with  occasioni 
ally,  especially  among  herbalists.  The  table  J on  next  page  wili 
give  an  idea  of  the  alkaloidal  content  of  the  different  parts  ofthi 
plant. 

In  order  to  ascertain  the  percentage  of  the  alkaloid  in  an;: 
part  of  the  plant,  the  process  followed  by  Thorey  has  the  meril 
of  simplicity.  The  substance  is  first  exhausted  by  petroleun 
ether,  which  frees  it  from  fat ; after  drying,  it  is  extracted  v’ib 
85  per  cent,  alcohol  at  a temperature  not  exceeding  Tb' 

alcoholic  extracts  are  then  united,  the  alcohol  distilled  off,  ani 
the  residue  filtered.  The  filtrate  is  now  first  purified  by  aghi 
tion  with  petroleum  ether,  then  saturated  by  ammonia,  am 
shaken  up  with  chloroform.  The  latter,  on  evaporation,  leavof 

* Dragenclorff  has  found  atropine  in  the  urine  of  rabbits  fed  with  belb 
donna  ; the  separation  by  the  poison  is  so  rapid  that  it  often  can  only  '• 
recognised  in  the  urine  during  the  first  hour  alter  tlie  poison  has  hcf* 
taken. 

t Pharni.  Zeitschr.  f.  Jtusd.,  1869. 

_ J This  table,  taken  from  Dragendorff’s  “ Ohemische  Werthbestiunnuii 
ciniger  Starkuarkenden  Droguen,"  embodies  the  researches  of  Thorey. 
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[§  GO,  CL 


llie  alkaloid  only  slightly  impure,  and  after  washing  with  dis- 
tilled watei*,  if  dissolved  in  dilute  sulphuric  acid,  a crystalling 
sulphate  may  be  readily  obtained. 

A tincture  and  an  extract  of  henbane  leaves  are  olEcinal  in 
most  pharmacopeias;  an  extract  of  the  seeds  in  that  of  France' 

An  oil  of  hyoscyamus  is  officinal  in  all  the  Continental  phar. 
macopeias,  but  not  in  the  Eiitish. 

An  ointment,  made  of  one  part  of  the  extract  to  nine  of  simph. 
ointment,  is  officinal  in  the  German. 

The  tincture  (after  distilling  off  the  spirit)  and  the  extract:' 
(on  proper  solution)  may  bo  conveniently  titrated  by  Mayer' 
reagent  (p.  288),  which,  for  this  purpose,  should  be  diluted  onej 
half;  each  cc.  then,  according  to  Dragendorff,  equalling  G'9;: 
mgrms.  of  hyoscyamine.  Kruse  found  0'042  per  cent,  of  hyoscy 
amine  in  a Kussian  tincture,  and  ‘28  per  cent,  in  a Russia* 
extract.  Any  preparation  made  with  extract  of  henbane  will  hi 
found  to  contain  nitrate  of  potash,  for  Attfield  has  shown  th: 
extract  to  be  rich  in  this  substance.  The  ointment  will  requin 
extraction  of  the  fat  by  petroleum  ether  ; this  accomplished,  tlJ 
determination  of  its  strength  is  easy. 

The  oil  of  hyoscyamus  is  poisonous,  and  contains  the  alkaloici 
An  exact  quantitative  research  is  difficult ; but  if  20  grms.  ( 
the  oil  are  shaken  up  for  some  time  with  water  acidified  by  su) 
])huric  acid,  the  fluid  separated  from  the  oil,  made  alkalim 
shaken  up  with  chloroform,  and  the  latter  removed  and  eva 
])orated,  sufficient  Avill  be  obtained  to  test  successfully  for  til 
presence  of  the  alkaloid,  by  its  action  on  the  pupil  of  the  eye. 

§ GO.  Dose. — ’OOG  grm.  grain)  is  the  utmost  dose  of  hyoi 
cyamine  which  can  be  given  with  safety  to  an  adult ; and  evef 
this  quantity,  according  to  SchrofF,  in  the  case  of  a young  ma| 
.sufiering  from  chronic  bronchitis,  threw  the  jiatient  into  a den 
sleep,  with  hallucinations  on  awakening,  dryness  of  the  throia 
dilated  pupils,  frequency  of  the  pulse,  &c.  A poisonous  doi 
would  probably  be  half  a grain ; a fatal  dose  a grain. 

§ Gl.  Separation  of  Hyoscyamine  from  Organic  Matters. — Till 
isolation  of  the  alkaloid  from  organic  tissues  or  fluids,  in  casv 
Avhere  a medical  preparation  of  henbane,  or  of  the  leaves,  ron 
tfec.,  has  been  taken,  is  possible,  and  should  be  carried  out  on  tl| 
principles  already  detailed  (pp.  2G5-280).  Hyoscyamine  is  maim 
identified  by  its  power  of  dilating  the  pupil  of  the  eye.  It  is  sai 
that  so  small  a quantity  as  -0083  mgrm.  (y^Vir  ’^'Tll  in  fiftec* 

minutes  dilate  the  eye  of  a kitten.  It  is  true  that  atropii' 
also  dilates  the  pupil ; but  if  sufficient  of  the  substance  slioU'B 
have  been  isolated  to  apply  other  tests,  it  can  be  distinguish- n 
from  atropine  by  the  fact  that  the  latter  gives  no  precipitate  ■'vh|j 


i § 62,  C3.]  coNiuM  (hemlock).  325 

ij  platinic  chloride,  whilst  hyoscyamine  is  precipitated  by  a small 
i|  quantity  of  platinic  chloride,  and  dissolved  by  a larger  amount. 
I Hyoscyamine  gives  precipitates  Avith  tincture  of  iodine,  chlo- 
,j  ride  of  gold,  and  most  of  the  common  alkaloidal  reagents, 

ii  but  exhibits  no  peculiar  reaction.  The  observation  of  Klet- 
i zinsky,*  that  the  action  of  soda-lye  changes  hyoscyamine  into 

B ammonia  and  santonin  might,  if  correct,  probably  be  utilised  in 
identifying  the  alkaloid. 
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VI.— CONIUM  (HEMLOCK). 
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^ § 62.  The  Gonvum  maculatum,  or  spotted  hemlock,  is  a rather 

common  umbelliferous  plant,  growing  in  waste  places,  and 
flowerinsc  from  about  the  bewinnino:  of  June  to  August.  The 
stem  is  from  three  to  five  feet  high,  smooth,  branched,  and 
spotted  Avith  purple  ; the  leaflets  of  the  partial  involucres  are 
unilateral,  o\mte,  lanceolate,  with  an  attenuate  point  shorter  than 
the  umbels;  the  seeds  are  destitute  of  Auttse,  and  have  five 
prominent  crenate  Avavy  ridges.  The  Avhole  plant  is  foetid  and 
poisonous.  Conium  owes  its  active  properties  to  a volatile 
liquid  alkaloid.  Coniine,  united  Avith  a crystalline  alkaloid, 
Gonhydrine. 

§ 63.  Coniine,  conia,  conicine  (CgHjr,H) — specific  gravity  0*878 
to  0'89,  boiling  point  163*5°C. — is  a clear  oily  fluid,  possessing 
peculiarly  unpleasant,  mousey  odour.  One  part  is  soluble  in  100 
)arts  of  Avater,  in  six  j)arts  of  ether,  and  in  almost  all  propor- 
tions of  amyl  alcohol,  chloroform,  and  benzine.  It  readily  vola- 
tilises, and,  proA-’ided  air  is  excluded,  may  be  distilled  unchanged, 
[t  ignites  readily,  and  burns  with  a smoky  flame.  It  acts  as  a 
strong  base,  precipitating  the  oxides  of  metals  and  alkaline  earths 
, rom  their  solutions,  and  it  coagulates  albumen.  Coniine  forms 
alts  Avith  hydrochloric  acid  (CgHjgN.HCl.),  phosphoric  acid, 
odic  acid,  and  oxalic  acid,  Avhich  are  in  Avell -marked  crystals, 
idle  sul})hate,  nitrate,  acetate,  and  tartrate  are,  on  the  other 


00 

in 

A 

io- 


land,  non-crystalline. 

If  coniine  is  oxidised  Avith  nitric  acid,  or  bichromate  of  potash, 
md  diluted  sulphuric  acid,  butyric  acid  is  formed  ; and  since  the 
atter  has  an  unmistakable  odour,  and  other  characteristic  pro- 
•erties,  it  has  been  proposed  as  a test  for  coniine.  This  may  be 
onveniently  performed  thus, — A crystal  of  potassic  bichromate  is 
*ut  at  the  bottom  of  a test-tube,  and  some  diluted  sulphuric  acid 


* Schweiz.  Wochenschr.  Pharm.,  1860,  85. 
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■with  a drop  of  the  supposed  coniine  added  ; on  heating,  til 


baryta -water,  the  butyrate  of  ba 
rated  in  the  usual  "way,  and  decom} 
Another  test  for  coniine  is  the 
solution  of  alloxan,  the  latter  is 
an  intense  purple-red,  and  whit 
separated,  -which  dissolve  in  col 
purple-blue,  and  emit  an  odour  oJ 
acid  gives  a purple-red,  then  an  ir 
but  if  the  acid  is  not  dry,  there  is 
line  mass.  This  test,  however,  i 
cologist,  the  pure  substance  alone 
result. 

The  ordinary  precipitating  agei 
act  as  follows  : — 

Potass,  bismuth  iodide. 

1 : 2000,  a strong  orange  pi 

1 : 3000.  The  drop  of  the 
muddy  border. 

1 : 4000.  The  drop  of  the 
muddy  border. 

1 : 5000,  still  perceptible. 

1 : 6000.  The  last  limit  of 
Phosphomolybdic  acid  gives  c 
limit,  1 : 6000. 

Potass,  mercuric  iodide  gives  a ch 
in  neutral,  1 : 800  in  acid,  solutioi 
Potass,  cadmic  iodide  gives  an  ai 

Of  all  these  tests  the  most  satisf 
(1.)  The  formation  of  microscop 
coniine,  doubly  refracting  light,  a 
when  breathed  upon. 

(2.)  The  formation  of  butyric  ac 
(3.)  The  reaction  with  alloxan. 
Most  of  the  coniine  of  commerce 


a substance  which  can  be  formed  a 
* Schwarzenbach,  Via'teljahrsschr. 


butyric  acid  reveals  itself  by  its  odour,  and  can  be  distilled  ini 


Methyl  coniine. 
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§ G4,  G5,  GG.] 

with  methyl  iodide,  treating  the  mixture  with  soda-lye,  and  dis- 
tilling. It  is  very  similar  to  coniine  in  appearance  ; and  Drs. 
Crum  Brown  and  Fraser  have  established  the  fact  that  its  toxic 
action  is  both  qiialitatively  and  quantitatively  equal  to  that  of 
coniine.  Ethyl  coniine  and  ir.etliyl  coniine  are  also  similar  in 
action  to  coniine. 

§ G4.  Conhydrine  (CgH^-NO)  is  frequently  present  in  coniine, 
from  which  it  may  be  separated  by  cooling  down  to  5‘'C.,  filter- 
ing through  glass  wool,  and  piirifying  the  crystals  on  the  filter 
by  petroleum  ether,  in  which  fiuid  conhydi'ine  does  not  readily 
dissolve.  Conhydrine  forms  colourless  glittering  crystals,  which 
melt  about  120  G°C.,  the  resulting  fluid  boiling  at  226'3°C.  ; at 
higher  temperatures  it  volatilises  without  residue.  It  dissolves 
somewhat  in  water,  and  easily  in  alcohol  and  ether ; the  solution 
is  strongly  alkaline. 

Conhydrine  is  a poison  similar  to,  but  not  qiiite  so  powerful 
as,  coniine.  It  has  little  medico-legal  interest.  Wertheim’s 
expeiiments  appear  to  show  that  for  every  100  of  coniine, 
hemlock  only  contains  5 •7  of  conhydrine. 

§ Go.  Pharmaceutical  Prepara, tions.—'YlxQ  percentage  of  coniine 
in  the  plant  itself,  and  in  pharmaceutical  preparations,  can  be 
approximately  determined  by  distilling  the  coniine  over,  in  a 
partial  vacuum,'"  and  titrating  the  distillate  with  Mayer’s  reagent, 
each  cc.  = about  -0125  grin,  of  coniine.  It  appears  to  be  necessary 
to  add  powdered  chloride  of  potash  and  a small  quantity  of 
j diluted  sulphuric  acid  before  titrating,  or  the  precipitate  does 
not  separate.  In  any  case  the  end  of  the  reaction  is  difficult 
'to  observe. f 

The  fresh  plant  is  said  to  contain  from  about  '04  to  •09  per 
cent.,  and  the  fruit  about  7 per  cent,  of  coniine. 

The  officinal  preparations  are — the  leaves,  the  fruit,  a tincture 
of  the  fruit,  an  extract  of  the  leaves,  the  juice  of  the  leaves 
{Sxiccus  conii),  a compound  hemlock  pill  (composed  of  extract  of 
hemlock,  ipecacuanha,  and  treacle),  an  inhalation  of  coniine 
{Vapor  conii),  and  a poultice  {Gataplasma  co?iw)  made  with  the 
leaves. 

§ GG.  Separation  of  Coniine  from  Organic  Matters  or  Tissues. — 
The  substances  are  digested  with  water,  acidulated  with  H2SO^, 
at  a temperature  not  exceeding  40°C.,  and  then  filtered.  If  the 


* Tin's  is  easily  effected  by  uniting  a flask  containing  the  alkaloid  fluid, 
air-tight,  with  a Liebig’s  condenser  and  a receiver,  the  latter  being  connected 
with  Bunsen’s  water-pump,  or  one  of  the  numerous  exhausting  apparatuses 
now  in  use  in  every  laboratory. 

t Dragendorff,  “ Die  Chemische  Werthbestimmung  einiger  Starkwiiken- 
dcu  DroLUien.’’  St  Petersb.,  1S74. 
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filtrate  sliould  be  excessive,  it  must  be  concentrated ; alcohol 
then  added,  the  liquid  refiltered,  and  from  the  filtrate  tl^, 
alcohol  separated  by  distillation. 

On  cooling,  the  acid  fluid  is  agitated  with  benzine,  and  tl 
latter  separated  in  the  usual  way.  The  fluid  is  now  alkalis® 
Avith  ammonia,  and  shaken  up  once  or  twice  with  its  own  Amlim 
of  petroleum  ether ; the  latter  is  separated  and  washed  wi-. 
distilled  water,  and  the  alkaloid  is  obtained  almost  pure, 
the  petroleum  ether  leaves  no  residue,  it  is  certain  that  tf 
alkaloid  was  not  present  in  the  contents  of  the  stomach  i 
intestine. 

The  affinity  of  coniine  with  ether  or  chloroform  is  such,  th| 
its  solution  in  either  of  these  fluids,  passed  through  a dry  filta 
scarcely  retains  a drop  of  water.  In  this  way  it  may  be  co 
veniently  purified,  the  impurities  dissolved  by  water  remainii 
behind. 

In  searching  for  coniine,  the  stomach,  intestines,  blood,  urin: 
liver,  and  lungs,  are  the  parts  which  should  be  examine! 
According  to  Dragendorff,  it  has  been  discovered  in  the  body 
a cat  six  weeks  after  death. 


Fatal  Dose. — The  fatal  dose  of  coniine  is  not  knoAvn  • in  tla 


case  of  Louise  Bei’ger,  10  to  15  drops  appear  to  have  causei 
death  in  a few  minutes.  The  auto-experiments  of  Dworza 
Heinrich,  and  Hillaberger,  Avould  indicate  that  one  drop  mai 
cause  unpleasant  symptoms.  Albei's,  in  the  ti'eatment  of 
woman  suffering  from  cancer  of  the  breast,  witnessed  convulsion 
and  loss  of  consciousness  from  a third  dose  of  4 mgrms.  (•(' 
grain) ; and  Eulenberg,  its  full  narcotic  effects  on  a child  aft(? 
subcutaneous  injection  of  1 mgrm.  (-015  grain). 


VII.  TOBACCO.* 

§ 67.  The  various  species  of  tobacco  found  in  commerce  a 
contain  a liquid,  volatile,  poisonous  alkaloid,  Nicotine,  probabll 
united  in  the  plant  with  citric  and  malic  acids.  There  is  als 
present  in  tobacco  an  unimportant  camphor,  nicotianin.  TIJ 
general  composition  of  the  plant  may  be  gathered  from  tl4  I 
following  table : — 

* The  adulterations  of  tobacco,  and  processes  for  their  detection,  do  ik  ■ 
enter  into  the  plan  of  this  work. 


TOBACCO. 
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Fresh  Leaves  of  Tobacco  (Posselt  and  Eeinmann). 


I 


Kicotina, 

Concrete  v^olatile  oil, 

Bitter  extractive, 

Gum  with  malate  of  lime, 

Chlorophyl, 

Albumen  and  gluten. 

Malic  acid, 

Lignine  and  a trace  of  starch, 

Salts  (sulphate,  nitrate,  and  malate  of  potash,  chloride 
of  potassium,  phosphate  and  malate  of  lime,  and 
malate  of  ammonia,  ...... 

Silica,  ......... 

"Water, 


0-060 

0-010 

2-870 

1-740 

0- 267 

1- 308 
O-oU) 
4-969 

0-734 

0-088 

88-280 

100-836 


§]68.  Quantitative  Estimation  of  Nicotine  in  Tobacco. — The  best 
process  (althortgh  not  a perfectly  accurate  one)  is  the  following : 
— 25  grms.  of  the  tobacco  are  mixed  with  milk  of  lime,  and 
allowed  to  stand  until  there  is  no  odour  of  ammonia;  the  mixture 
is  then  exhausted  b}^  jDetroleum  ether,  the  ether  shaken  up  with 
a slight  excess  of  normal  sulphuric  acid,  and  titrated  back  by 
baryta  water ; the  sulphate  of  baryta  may  be  collected  and 
weighed,  so  as  to  control  the  results  with  regard  to  the  per- 
centage of  nicotine  in  commercial  tobacco.  Kosutany  found 
from  1-68G  to  3-738  per  cent,  in  dry  tobacco;  Letheby,  in  six 
samples,  from  1-5  to  3-2  percent.;  whilst  Schlossing  gives  for 
Havanna  2 j)er  cent.,  Maryland  2-29  per  cent.,  Kentucky  G-09 
per  cent.,  Vh-ginian  G-87  per  cent.,  and  for  French  tobacco, 
quantities  varying  from  3-21  to  7-9G  per  cent.  Again,  Leuoble 
found  in  Paraguay  tobacco  from  1-8  to  G per  cent.';  and  Wittstein, 
in  six  sorts  of  tobacco  in  Germany,  1-54  to  2-62  per  cent.  We 
are  thus  driven  to  the  conclusion  that  the  alkaloid  varies  within 
very  wide  limits,  although  it  is  quite  possible  that  the  processes 
of  extraction  and  estimation  by  these  various  observers  are  of 
unequal  value. 

§ G9.  Nicotine  (C^oHj^Kp),  when  pure,  is  an  oily,  colourless 
fluid,  of  1-027  specific  gravity  at  15'^C.  It  evaporates  under 
100°C.  in  white  clouds,  and  boils  about  240°C.,  at  which  tem- 
perature it  partly  distils  over  unchanged,  and  is  partly  decom- 
posed, a brown  resinous  product  remaining.  It  volatilises  with 
I'queous  and  amyl  alcohol  vapour  notably,  and  is  not  even  fixed 
ut  —10°.  It  has  a strong  alkaline  reaction,  and  rotates  a ray  of 
polarised  light  to  the  left.  Its  odour,  especially  on  warming,  is 
strong  and  unpleasantly  like  tobacco,  and  it  has  a sharp  caustic 
taste.  It  absorbs  water  exposed  to  the  air,  and  dissolves  in 
water  in  all  proportions,  partly  separating  from  such  solution  by 
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caustic  alkalies.  The  aqueous  solution  acts  in  many  respect? 
like  ammonia,  saturating  acids  fully,  and  may  therefore  he  i 
certain  cases  estimated  with  accuracy  by  titration,  49  parts  c 
PloSO^  corresponding  to  126  of  nicotine. 

Alcohol  and  ether  dissolve  nicotine  in  every  proportion;  : 
such  solutions  are  distilled,  nicotine  goes  over  first.  The  said 
which  it  forms  with  hydrochloric,  niti’ic,  and  phosphoric  acid 
crystallise  with  difhculty;  tai’taiic  and  oxalic  acid  form  whiti 
crystalline  salts,  and  the  latter,  oxalate  of  nicotine,  is  soluble  i 
alcohol,  a property  which  distingiiishes  it  from  the  oxalate  ( 
ammonia.  The  oxalate  of  nicotine  is  the  best  salt  from  which  t 
regenerate  nicotine  in  a piire  state. 

Hydrochlorate  of  nicotine  is  more  easily  volatilised  than  th< 
pure  base.  Nicotine  is  pi-ecipitated  by  alkalies,  &c.,  also  b 
many  oxyhydrates,  lead,  coppei*,  etc.  By  the  action  of  light  i' 
is  soon  coloured  yellow  and  brown,  and  becomes  thick,  in  whic» 
state  it  leaves,  on  evaporation,  a brown  resinous  substance,  onL 
partly  soluble  in  petroleum  ether. 

Chlorine  gas  colours  nicotine  blood-red  or  brown ; the  prodiui 
is  soluble  in  alcohol,  and  separates  on  evaporation  in  crystals. 

Cyanogen  also  colours  nicotine  brown;  the  product  out  ( 
alcohol  is  not  crystalline.  Platin  chloride  throws  down  a reddisi 
crystalline  precipitate,  soluble  on  warming;  and  gallic  acid  give 
a flocculent  precipitate.  A drop  of  nicotine,  poured  on  clr< 
chromic  acid,  blazes  iip,  and  gives  out  an  odour  of  tobacco-cam 
j)hor ; if  the  ignition  does  not  occur  in  the  cold,  it  is  produced  h 
a gentle  lieat.  It  is  scarcely  possible  to  confound  nicotine  witi 
ammonia,  by  reason  of  its  odour;  and,  moreover,  ammonia  mai 
always  be  excluded  by  converting  the  base  into  the  oxalate,  an. 
dissolving  in  absolute  alcohol. 

On  the  other  hand,  a confusion  between  coniine  and  nicotin. 
is  apt  to  occur  when  small  quantities  only  are  dealt  with.  3 
may,  however,  bo  guarded  against  by  the  following  tests  : — 

(1.)  If  coniine  be  converted  into  oxalate,  the  oxalate  dissolvei 
in  alcohol,  and  coniine  regenerated  by  distillation  (best  in  vacmi 
with  caustic  lye,  and  then  hydrochloric  acid  added,  a crystalliiij 
hydrochlorate  of  coniine  is  formed,  Avhich  doubly  refracts  light,  am 
is  in  needle-shaped  oi-  columnar  crystals,  or  dendritic  moss-liki 
forms.  The  columns  afterwards  become  torn,  and  little  rows  ci 
cubical,  octahedral,  and  tetrahedral  crystals  (often  cross  o 
dagger-sha])ed)  grow  out  of  jmllow  amorplious  masses.  Crystal 
line  forms  of  this  kiml  are  rare,  save  in  the  case  of  dilute  solution» 
of  chloride  of  ammonium  (the  presence  of  the  latter  is,  of  cours(| 
rendered  3)y  the  treatment  impossible);  and  nicotine  does  nQ 
give  anything  similar  to  this  reaction. 
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§ 70,  71,  72.] 

(2.)  Coniine  coagulates  albumen;  nicotine  does  not, 

(3.)  Nicotine  yields  a cliaracteristic  crystalline  ju'ecipitate 
with  an  aqueous  solution  of  mercuric  chloride;  the  similar  pi-e- 
cipitate  of  coniine  is  amorphous. 

§ 70.  Fatal  Dose. — Extremely  unpleasant  symptoms  have  arisen 
from  the  absorption  of  2 to  4 mgrms.  of  nicotine ; but  the  data 
are  not  sufficient  to  form  an  opinion  as  to  the  smallest  quantity 
required  to  produce  fatal  results. 

§ 71,  Separation  of  Nicotine  from  Organic  Matters,  &c. — The 
process  for  the  isolation  of  nicotine  is  precisely  that  used  for 
coniine  (see  p.  326).  It  appears  that  it  is  unaltered  by  putrefaction, 
and  may  be  separated  and  recognised  by  appropriate  means  a 
long  time  after  death.  Orfila  detected  it  in  an  animal  two  or 
three  months  after  death  ; Melsens  discovered  the  alkaloid  unmis- 
takably in  the  tongues  of  two  dogs,  which  had  been  buried  in  a 
vessel  filled  with  earth  for  seven  years ! and  it  has  been  found 
in  animals  buried  for  shorter  periods  by  several  experimenters. 
Nicotine  should  always  be  looked  for  in  the  tongue  and  mucous 
membrane  of  the  mouth,  as  well  as  in  the  usual  viscera.  The 
case  may  be  much  complicated  if  the  person  supposed  to  be 
poisoned  should  have  been  a smoker;  for  the  defence  would 
naturally  be  that  there  had  been  either  excessive  smoking  or 
chewing,  or  even  swallowing  accidentally  a quid  of  tobacco.* 


VIII.— CALABAR  BEAN. 

' § 72,  The  ordeal  bean  of  Calabar  (fPliysostigma  faba)  is  a large, 

' all  but  tasteless,  kidney-shaped  bean,  about  an  inch  in  length  ami 
half  an  inch  thick  ; its  convex  edge  has  a furrow  with  elevated 
ridges,  and  is  pierced  by  a small  hole  at  one  extremity.  The 
integuments  are  coffee-brown  in  colour,  thin,  hard,  and  brittle  ; 
they  enclose  two  white  cotyledons,  easily  pulverisable,  and 
weighing  on  an  average  3'98  grins.  (46  grains.)  The  seed  con- 
tains at  least  one  alkaloid,  termed  Physostogmine  (first  separated 
in  1864  by  Jobst  and  Hesse),  and  possibly  a second,  according  to 
Harnach  and  Witkowsky,  who  have  discovered  in  association 
with  physostogmine  a new  alkaloid,  which  they  call  Calahurine, 
and  which  differs  from  physostogmine  in  being  insoluble  in  ether, 
and  soluble  in  water.  It  is  also  soluble  in  alcohol,  and  further, 

* In  an  experiment  of  Dragendorff's,  nicotine  is  said  to  have  been  detected 
in  35  grins,  of  the  saliva  of  a person  who  had  half  an  hour  previously  smoked 
I cigar. 
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tlie  precipitate  produced  by  jiotassium  iodohydrargyrate  iu  cala.- 
burine  solutions  is  insoluble  in  alcohol. 

§ 73.  Fhysostogmine,  or  Eserin,  is  not  easily  obtained  in  a crysi 
talline  state,  being  most  frequently  extracted  as  a colourless  var-i 
nisli,  drying  into  brittle  masses.  It  is,  however,  quite  possible  tc 
obtain  it  in  the  form  of  jiartially  crystalline  crusts,  or  even  idiombio 
plates,  by  care  being  taken  to  perform  the  evaporation,  and  all  ■ 
the  operations,  at  as  low  a temperature  as  possible,  and  prefer-r 
ably  in  a dimly-lit  room ; for  if  the  temperature  rises  to  40°C. 
much  of  the  alkaloid  will  be  decomposed.  Hesse  recommends  tliah 
the  beans  be  extracted  by  alcohol,  the  alcoholic  solution  alkalised 
by  sodic  carbonate,  and  the  liquid  shaken  up  with  ether,  which; 
will  retain,  the  alkaloid.  The  ether  solution  is  now  separated, 
and  acidified  slightly  with  very  dilute  sulphuric  acid;  the  fluid,  of 
course,  separates  into  two  layers,  the  lower  of  which  contains  tlia 
alkaloid  as  a sulphate,  the  upper  is  the  ether,  which  is  with- 
drawn, and  the  acid  fluid  passed  through  a moist  filter.  Tha 
whole  process  is  then  repeated  as  a purification. 

Again,  Vee,  who  has  repeatedly  obtained  the  alkaloid  in  a 
crystalline  condition,  directs  the  extraction  of  the  beans  by  alco- 
hol, the  alcoholic  solution  to  be  treated  as  before  with  soda  audi- 
then  with  ether ; the  ethereal  solution  to  be  evaporated  to  dry- 
ness, dissolved  in  dilute  acid,  precipitated  by  sugar  of  lead,  and#, 
the  filtrate  from  this  precipitate  alkalised  by  potassic  bicarbonate,» 
and  then  shaken  up  with  ether.  The  ethereal  solution  is  per-? 
mitted  to  evaporate  spontaneously,  and  the  crystalline  crusts  dis-i 
solved  in  a little  dilute  acid  ; and  the  solution  is  lastly  alkalisedi 
by  bicarbonate  of  potash,  when,  after  a few  minutes,  crystalliuei 
plates  are  formed. 

For  the  extraction  of  physostogmine  from  the  fluids  of  tliei 
body,  Dragendorff  recommends  benzole  : the  alcoholic  filtered- 
extract  (first  acidified)  may  be  agitated  with  such  solvents  asi 
petroleum  and  benzine,  in  order  to  remove  colouring  matter;  theuf 
alkalised  and  shaken  up  with  benzine,  and  the  latter  allowed  to  eva-i 
porate  s2')ontaneously, — all  the  operations  being,  as  before  stated, » 
carried  on  under  40°C.  If  much  coloured,  it  may  be  purified» 
according  to  the  principles  before  mentioned.  In  cases  where r 
enough  of  the  extract  (or  other  medicinal  preparation)  has  been? 
taken  to  destroy  life,  the  analyst,  with  proper  care,  would  prob-l 
ably  not  have  much  difficulty  in  separating  a small  quantity  of« 
the  active  jminciple.  It  is  rapidly  eliminated  by  the  saliva  and  i 
other  secretions  under  putrefaction.  The  formula  asci’ibed  toi 
physostogmine  is  ^15112^1730.2.  It  is  strongly  alkaline,  fully  neu-i 
tralising  acids,  and  forming  tasteless  salts.  It  is  easily 
(and  perhaps  partly  decomposed)  at  a temperature  of  45°C. ; 
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100°C.  it  is  certainly  changed,  becoming  of  a red  colour,  and 
forming  with  acids  a red  solution.  It  dissolves  easily  in  alcohol, 
ether,  chloroform,  and  bisulphide  of  carbon;  but  is  not  easily 
soluble  in  water. 

The  salts  formed  by  the  alkaloid  with  the  acids  are  generally 
hygroscopic  and  uncrystallisable,  but  an  exception  is  met  with 
in  the  hydrobromide,  wdiich  crystallises  in  stellate  groups.*  If 
CH2  is  passed  into  water  containing  the  alkaloid  in  suspension, 
a clear  solution  is  obtained  ; but  the  slightest  warmth  decomposes 
the  soluble  salt,  and  reprecipitates  the  alkaloid.  The  hydrargyc 
hydroiodide,  Cj5HpjN30.,HI2HgI,  is  a white  precipitate,  insoluble 
in  water,  becoming  yellow  on  drying,  soluble  in  ether  and  alco- 
hol, and  from  such  solutions  obtained  in  crystalline  prismatic 
groups.  A heat  of  70°C.  melts  the  crystals,  and  they  solidify 
again  in  the  amorphous  condition. 

The  most  delicate  chemical  test  is  probably  that  of  Dragendorff, 
viz.,  the  |)roduction  of  a marked  red  colour  in  a solution  of  the 
sulphate  by  means  of  bromine  water ; it  succeeds  with  less  than 
•06  of  a mgrm.f 

Concentrated  sulphuric  acid  dissolves  physostogmine  with  the 
production  of  a yellow  colour,  changing  into  olive-green ; nitric 
acid  (cone.)  also  gives  a yellow  colour.  Ammonia  and  the  car- 
bonated alkalies  pi'ecipitate  the  alkaloid  from  an  acetic  acid 
solution  in  the  form  of  oily  drops.  Other  precipitants  are  tannic 
acid,  which  throws  down  from  a solution  of  the  hydrochloride,  a 
reddish-white  flocculent  precipitate,  not  easily  soluble  in  hydro- 
chloric acid;  chloride  of  gold,  a blue,  with  quick  reduction  of  gold  ; 
mercuric  chloride,  a reddish-white  precipitate,  easily  soluble  in 
hydrochloric  acid.  It  gives  no  precipitate  with  platinic  chloride. 

In  most  cases  it  Avill  be  necessary  to  identify  physostogmine 
by  its  physiological  activity,  as  Avell  as  by  its  chemical  characters. 
For  this  purpose  a small  quantity  of  the  substance  should  be  in- 
serted in  the  eye  of  a kitten  ; if  it  contains  the  alkaloid  in  ques- 
tion, in  twenty  minutes,  at  the  very  latest,  there  will  be  a strong 
contraction  of  the  pupil,  and  a congested  state  of  the  conjunc- 
tival vessels.  Further  reseai’ches  may  be  made  with  a small 
quantity  on  a bird  or  frog.J 

The  chief  symptoms  observed  will  be  those  of  paralysis  of  the 
respiratory  and  voluntary  muscles,  followed  by  death.  If  a solu- 

* M.  Duquesnel,  Pliarm.  J.  Trans.  [3],  v.  847. 

f Husemann’s  “ Jahresbericht.”  187’2. 

t It  may  be  noted  in  passing  that  it  is  seldom  advisable  to  inject  poison 
! subcutaneously  into  birds  of  so  small  a size  as  sparrows,  since  tbe  wound  and 
j tbe  frigbt  obscure  tbe  symptoms.  Notbing  is  easier  tbau  to  administer  it  by 
i the  beak. 
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tion  is  applied  to  tlie  web  of  a frog’s  foot,  the  blood-vessels  beconia  i 
dilated  j if  applied  to  voluntary  or  involuntary  muscular  fibre'  ■ 
the  contractility  is,  according  to  the  dose,  either  destroyed  on  i 
much  weakened.  It  may  thus  be  shown  to  retard  and  weakeu 
the  heart’s  action.  Physostogmine  also  appears,  according  td  ; 
Dragendorff  and  Pander,  to  act  as  an  irritant,  for  they  alwa}’9  , 
observed  gastro-enteritis  as  a result  of  the  poison,  even  whei> 
injected  subcutaneously.  The  enhanced  secretion  from  all  mucous 
surfaces,  and  the  enlargement  of  the  blood-vessels,  are  also  very 
constant  symptoms.  .Death  appears  to  occur  principally  from 
paralysis  of  the  respiratory  muscles. 

Of  all  these  characteristics,  the  contraction  of  the  pupil  is,  for»  i 
legal  purposes,  the  principal.  A substance  extracted  from  tliei  i 
tissues  or  other  organic  matters,  in  the  manner  mentioned,  i 
strongly  contracting  the  pupil  and  giving  the  bromine  reaction,  | 
would,  in  the  present  state  of  our  knowledge,  be  indicative  ofi  I 
physostogmine,  and  of  that  alone. 

§ 74.  Fliarmaceutical  Preparations. — The  only  preparation  offi- 
cinal in  this  country  and  abroad,  is  a spirituous  extract  (Extrac- 
tuni  phpsostigmatis),  used  princijially  for  external  application,  thei 
dose  of  which  is  not  more  than  a quarter  of  a grain. 

§ 75.  Fatal  Dose  of  Physostogmine. — 1 mgi’m.  (-015  grain)  assul-: 
phate,  given  by  Vee  to  a woman  subcutaneously,  caused  vomit- 
ing, &c.,  after  half  an  hour.  A pupil  of  Gubler’s  took  2 mgrms. 
without  apparent  effect;  but  another  mgrni.,  a little  time  after, 
caused  gi’eat  contraction  of  the  pupil  and  veiy  serious  symptoms, 
whicli  entirely  passed  off  in  four  liom-s.  It  would  thus  be  just  to 
call  1 ingrm.  a poisonous,  but  not  necessarily,  fatal  dose. 


IX.-COCCULUS  INDICUS. 

§ 7G.  The  berries  of  the  Menispermum  coccm7rs  comprise  at  least 
three  definite  crystalline  principles : menisgyermine,  parameni- 
spermine  (nitrogen-containing  bases),  and  picrotoxin,  which  pos- 
sesses some  of  the  characters  of  an  acid. 

§77.  Menispermine  (CJ3IT24N2O2 discovered  in  1834  b\" 
relletier  and  Courbe,  is  associated  with  a second  named  paramem- 
sperrnine.  The  powdered  berries  arc  extracted  by  alcohol  of  3G  ; 
the  picrotoxin  removed  by  hot  water  from  the  alcoholic  extract ; 
the  menispermine  and  pai’amenispermine  dissolved  out  together 
by  acidulated  water,  and  from  this  solution  precipitated  by 
ammonia.  The  brown  precipitate  is  dissolved  in  acetic  acid, 
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I filtered,  and  again  precipitated  by  ammonia.  This  precipitate  is 
[ dried,  treated  with  cold  alcohol,  to  separate  a yellow  resinous 
I substance,  and  lastly  with  ether,  which  dissolves  out  the  menis- 
. permine,  but  leaves  the  paramenisj)ermine. 

I Menispermine  forms  white  semi-transparent  four-sided,  trun- 
I cated  prisms,  melting  at  120°C.,  decomposed  at  a higher  tem- 
I perature,  insoluble  in  water,  but  dissolving  in  warm  alcohol  and 
I ether.  Combined  with  eight  atoms  of  water  it  crystallises  in 
needles  and  prisms.  The  crystals  are  without  any  taste;  in  coin- 
r bination  with  acids,  salts  may  be  formed. 

I § 78.  F aramenispermine  forms  four-sided  prisms,  or  radiating 
< crystalline  masses,  melting  at  250°C.,  and  subliming  undecom- 
i posed.  The  crystals  are  soluble  in  absolute  ether,  insoluble  in 
■ water,  and  scarcely  soluble  in  ether. 

i Menispermine  dissolves  in  acids,  but  apparently  without  form- 
b ing  definite  salts. 

i § 79.  Picrotoxin  (Cj2Hj^Og)  was  discovered  in  1820  by  Boulla}^ 

' It  is  usually  prejDared  by  extracting  the  berries  with  boiling 
i alcohol,  distilling  the  alcohol  off,  boiling  the  alcoholic  residue 
1 with  a large  quantity  of  water,  purifying  the  watery  extract 
j with  siigar  of  lead,  concentrating  the  colourless  filtrate  by  evapo- 
' ration,  and  crystallising  the  picrotoxin  out  of  water, 
i Picrotoxin  crystallises  out  of  water,  and  also  out  of  alcohol, 
in  colourless,  flexible,  four-sided  prisms,  often  ai’borescent,  and 
' possessing  a silky  lustre.  They  are  unalterable  in  the  air, 

’ soluble  in  150  parts  of  cold,  and  25  parts  of  boiling  water, 
dissolving  easily  in  acidified  water,  in  S})irit,  in  ether,  in  amyl 
alcohol,  and  chloroform.  They  are  without  smell,  but  have  an 
extremely  bitter  taste.  Caustic  ammonia  is  also  a solvent. 

The  crystals  are  neutral  and  bitter.  They  melt  at  a gentle  heat 
to  a yellow  mass  ; at  higher  temperatures  giving  oft' an  acid  vapour, 
with  a caramel-like  odour,  and  lastly  carbonising.  Picrotoxin  in 
cold  concentrated  sulphuric  acid  dissolves  with  the  production  of 
a beautiful  gold-yellow  to  saffron  yellow  colom*,  which  becomes 
on  the  addition  of  a trace  of  potassic-bichromate  violet,  passing 
into  brown.  An  alcoholic  solution  turns  a ray  of  polarised  lighf 
to  the  left  [a]j  = - 28T°. 

Picrotoxin  behaves  towaixls  strong  bases  like  a weak  acid. 
Its  compounds  with  the  alkalies  and  alkaline  earths  are  gummy 
and  not  easily  obtained  pure.  Compounds  with  quinine,  cin- 
chonine, morphia,  strychnine,  and  brucine  can  be  obtained  in 
the  ci’ystalline  condition.  Dilute  sulphuric  acid  transforms 
it,  with  assimilation  of  water,  into  a weak  gummy-like  acid, 
Avhich  corresponds  to  the  formula  Cj2Hi60g.  Nitric  acid  oxi- 
dises it  to  oxalic  acid.  Nitropicrotoxin  and  bromopicrotoxin 
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(C]2Hi3(N02)05,  and  Ci2TIj2Br205),  can  by  appropriate  treatme* 
be  obtained. 

Concentrated  aqueons  solutions  of  alkalies  and  ammonia  c 
compose  picrotoxin  fully  on  warming.  It  reduces  alkaline  coppi 
solution,  and  coloui’s  bichromate  of  potash  a beautiful  gree 
The  best  test  for  its  presence  is,  however,  as  follows  : — Tl 
supposed  picrotoxin  is  mixed  with  thrice  its  bulk  of  saltpetre,  tJ 
mixture  moistened  with  sulphuric  acid,  and  then  decompose 
with  soda-lye  in  excess,  when  there  is  produced  a transito: 
brick-red  colour.  Tor  the  reaction  to  succeed,  the  picrotoxi 
should  be  tolerably  pure. 

Solutions  of  picrotoxin  are  not  precipitated  by  the  chlorides 
platinum,  mercury,  and  gold,  iodides  of  potash,  ferro  and  ferr 
cyanides  of  potash,  nor  by  picric  nor  tannic  acids. 

Picrotoxin  is  a poison.  Vossler  killed  a cat  in  two  hou| 
with  a dose  of  '12  grm.  (I’S  grain);  and  another  cat,  with  tl: 
same  dose,  died  in  45  minutes.  Falcke  destroyed  a young  houii 
with  -OG  grm.  (•92  grain)  in  24  to  2G  minutes.  Given  by  subc' 
taneous  or  intravenous  injection,  it  is,  as  might  be  expected,  stil 
more  lethal  and  rapid  in  its  effects.  In  an  experiment  of  Falcke’- 
•03  grm.  (•46  grain),  injected  into  a vein,  destroyed  a strow 
hound  within  20  minutes;  •OIG  grm.  ('022  gi-ain),  injected  undd 
the  skin,  killed  a guinea  pig  in  22  minutes;  and  ^012  g 
(1-8  grain)  a hare  in  40  minutes.  Hence  it  may  be  inferrei 
that  from  2 to  3 grains  (12-9  to  19^4  centigrms.)  would,  in  aj 
probability,  be  a dangerous  dose  for  an  adult  person. 

The  toxic  action  of  picrotoxin  on  fish  and  frogs  has  been  pra 
posed  as  a tost.  Tlie  symptoms  observed  in  fish  are  mainly  a 
follows  : — The  fish,  according  to  the  dose,  show  uncertain  motioni 
of  the  body,  lose  their  balance,  and  finally  float  to  the  surface 
lying  on  one  side,  with  frecpxent  opening  of  the  mouth  and  gill 
covers.  These  symptoms  are,  however,  in  no  way  distinguisln 
able  from  those  induced  by  any  poisonous  substance  in  tli< 
water,  or  by  many  diseases  to  which  fish  are  liable.  Neverthel 
less,  it  may  be  conceded  that  in  certain  cases  the  test  may  b 
valuable — if,  e.g.,  beer  be  the  matter  of  research,  none  of  tin 
methods  used  for  the  extraction  of  picrotoxin  will  be  likel}! 
to  extract  any  other  substance  haAung  the  poisonous  actiori 
desciubed  on  fish,  so  that,  as  a confirmatory  test,  this  may  bo 
of  use. 

Frogs,  under  the  influence  of  picrotoxin,  become  first  uneasyi 
and  restless,  and  then  somewhat  somnolent ; but  after  a shorti 
time  tetanic  convulsions  set  in,  which  might  lead  the  inexperieiicecli 
to  imagine  that  the  animal  was  poisoned  by  strychnine.  Therci 
is,  however,  one  marked  distinction  between  the  two — viz.,  that 
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in  picrotoxin  poisoning  an  extraordinary  swelling  of  the  abdo- 
men has  been  observed,  a symptom  which,  so  far  as  known,  is 
due  to  picrotoxin  alone.  The  frog  is,  therefore,  in  this  instance, 
the  most  suitable  subject  for  physiological  tests. 

Beer  extract  containing  picrotoxin  is  fatal  to  flies ; but  no 
conclusion  can  be  drawn  from  this,  since  many  bitter  principles 
(notably  quassia)  are  in  a similar  manner  fatal  to  insect  life 
The  separation  of  picrotoxin  from  beer  is  described  at  p.  165. 


X.— ACONITE. 

§ 80.  The  officinal  aconite  is  the  Aconitum  napellus — monkshood 
r wolfsbane — a very  common  garden  plant  in  this  country,  and 
ne  cultivated  for  medicinal  purposes.  Many  varieties  of  aconite 
xist  in  other  regions,  which  either  are,  or  could  be,  imported ; 
f these  the  most  important  is  the  Aconitum  ferox,  a native  of 
he  Himalayan  mountains,  imported  from  India. 

All  the  aconites,  so  far  as  known,  are  extremely  poisonous, 
ud  it  appears  probable  that  different  sjiecies  contain  different 
Ikaloids.  The  root  of  A.  luipellus  is  from  two  to  four  inches  long, 
pnical  in  shape,  brown  externally  and  white  internally.  The 
aves  are  completely  divided  at  the  base  into  five  wedge-shaped 
)bes,  each  of  the  five  lobes  being  again  divided  into  three 
near  segments.  The  numerous  seeds  are  three-sided,  irregulaidy 
>visted,  wrinkled,  of  a dark-ljrown  colour,  in  length  one-sixth  of 
1 inch,  and  weighing  25  to  the  grain  {Guy).  The  whole  plant 
one  of  gi’eat  beauty,  from  two  to  six  feet  high,  and  having  a 
ferminal  spike  of  conspicuous  blue  flowers.  The  root  has  been 
tally  mistaken  for  horse-radish,  an  error  not  easily  accounted 
r,  since  no  similarity  exists  between  them. 

§ 81.  Pharmaceutical  Preparations  of  Aconite. — The  prepara- 
pns  of  aconite  used  in  medicine  are  ; — 

Aconitine,  officinal  in  all  the  pharmacopeias. 

Aconite  liniment  {Linimentum  aconiti),  made  from  the  root 
th  spirit,  and  flavoured  with  camphor ; officinal  in  the  Briti.sh 
armacopeia;  it  may  contain  about  2'0  per  cent,  of  aconitine. 
Aconite  tincture,  officinal  in  all  the  pharmacopeias. 

Aconite  ointment,  8 grains  to  the  ounce  {i.e.,  1-66  per  cent.) ; 
Lcinal  in  the  British  phai’inacopeia. 

Aconite  extract,  the  Juice  of  the  leaves  evaporated;  officinal 
most  of  the  pharmacopeias. 

Fleming’s  tincture  of  aconite  is  not  officinal,  but  is  sold  largely 
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It  is  f]’om  three  to  four  times  stronger  tha 


P.  B.  tincture.  I 

§ 82.  The  Aconite  Alkaloids. — The  alkaloids  which  have  bee}! I 
stated  to  exist  in  A.  na2Jellus  are — Aconitine  napelline,  acolyc.'J 
tine,  lycoctine,  and  one  or  two  others.  The  first  is  considei’ed  t(«| 
be  in  combination  with  aconitic  or  equisetic  acid,  HgCgHoPg  I 
the  others  are  probably  derivatives  from  aconitine,  produced  b;  I 
the  objectionable  employment  of  mineral  acids  and  too  high  :l 
temperature  i}i  the  process  of  extraction.  I 

The  researches  of  Dr.  Alder  Wright  on  the  alkaloids  containeul 
in  the  aconites,  although  not  yet  complete,  have  thrown  mucll 
light  uj)on  the  subject,  and  are  of  the  greatest  importance ; onl^ 
a summary  of  results  as  obtained  by  him  can,  of  course,  be  give:  I 
here,  and  the  reader  is  referred  to  the  oi’iginal  papers*  forfurthejJ 
information.  I 

The  alkaloids  contained  in  Aconitam  napellus  are  by  no  meaml 
identical  with  those  contained  in  Aconitum  ferox.  I 

Aconitum  napellus  roots  yield  a ciystallised  alkaloid,  Aconitimm 
of  great  activity.  Some  roots,  but  apparently  no:l 
all,  contain  in  addition  a nearly  inert  bitter  base,  termed  btl 
Dr.  A.  Wright  Pier  aconitine,  CgjlI^gNO^Q.  Besides  picraconitin.l 
and  aconitine,  there  is  a third  amorphous  alkaloid,  incapable  a 
yielding  crystalline  salts,  and  of  lower  molecular  weight. 

Aconitum  ferox  contains  an  active  alkaloid,  to  which  Dil 
Wright  gives  the  name  of  pseudaconitine,  and  assigns  the  for 
mula  C27H37NO5.  From  pseudaconitine,  apopseudaconitin- 
(CggH^^NOji),  pseudaconine  (Cg-H^^NOg),  apopseudaconin:. 
(Cg^HggNOg),  and  other  derivatives  may  be  obtained. 

Confining  our  attention  to  the  physiologically-active  alkaloidi 
Aconitine  and  Pseudaconitine,  the  points  of  resemblance  and  diis 
ference  between  them  ai-e  as  follows  : — They  ai'e  both  physiolcf 
gically  active,  and  both  give  pi-ccipitates  with  mercuric  chlorid^ 
potassium  mercuro-bromide,  potassium  inercuriodide,  tannhi 
gold  chloride,  and  several  other  precipitants  of  the  alkaloids. 

From  aconitine,  pseudaconitine  differs  in  its  molecular  weight 
and  in  its  melting  point — aconitine  melting  at  180°C.,  pseudal 
conitine  at  about  104°  to  105°C. 

Aconitine  by  saponifying  agents  breaks  up  into  benzoic  aci« 
and  a new  alkaloid,  according  to  the  reaction, 


while  pseudaconitine,  treated  similarly,  gives  rise  to  a new  bod) 
{apo2'>seudaconitine)  and  dimethyl-protocatechuic  acid. 
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Aconitine,  again,  crystallises  anhydrous  ; pseuclaconitine  with 
one  atom  of  water.  Aconitine  yields  well-crystallised  salts  with 
facility ; pseudaconitine,  treated  similarly,  produces  amorphous 
varnishes,  with  a few  exceptions,  e.g.,  the  nitrate. 

§ 83.  Separation  of  the  Aconite  Alkaloids. — It  would  appear  cer- 
tain that  in  all  operations  for  the  separation  of  aconite  alkaloids 
(whether  from  the  organic  mattei's  which  make  up  the  plant, 
or  from  those  constituting  animal  tissues)  mineral  acids  and  a high 
heat  should  he  avoided.  A modification  of  M.  Duquesnel’s  pro- 
cess of  isolation  is  best — viz.,  extraction  by  alcohol  acidulated 
with  tartaric  acid  ; evaporation  of  the  extract  at  temperatures 
not  exceeding  00*^0.  ; re-solution  of  the  extract  in  water  ; agita- 
tion of  the  acid  liquid  with  the  various  solvents  described  at 
p.  2G7,  to  remove  impurities ; and,  finally,  precipitation  by  sodium 
bicarbonate.  Any  precipitate  should  be  crystallised,  if  possible, 
several  times  from  ether  and  peti’oleura,  and  lastly,  converted 
into  an  acid  oxalate,  and  regenemted  from  the  oxalate  by  re-pre- 
cipitation with  carbonate  of  soda ; or,  if  the  alkaloid  sought 
is  derived  from  A.  ferox,  the  purification  a]>pears  best  effected 
by  conversion  of  the  pseudaconitine  into  nitrate  (the  nitrate  of 
pseudaconitine  is  almost  insoluble  in  nitric  acid  containing  8 to 
10  per  cent,  of  HNO.^),  and  from  the  nitrate  the  alkaloid  may 
be  regenerated  by  soda  and  etlier. 

In  this  Avay  it  is  possible  (sliould  any  of  the  preparations  of 
aconite,  or  the  root  itself,  have  been  taken)  to  isolate  a more  or 
less  minute  portion  of  an  alkaloid,  which,  if  derived  from 
the  aconites,  responds  to  the  reactions  given  below  ; and,  if 
applied  to  the  skin,  will  cause  local  aiifesthesia.  If  a minute 
quantity  is  rubl)ed  on  the  lij),  or  placed  on  the  tongue,  it 
will  cause  tingling  and  numbness  ; in  order  to  be  pex’senally 
acquainted  with  this  feeling,  the  tincture  (or  the  liniment  of 
aconite)  can  be  tried  in  tlie  same  way,  and  the  sensations 
compared. 

Further,  if  aconitine,  or  pseudaconitine,  in  a quantity  so  small 
IS  -21  mrgm.  (^ji^  gi’ain),  is  injected  subcutaneously  into  a small 
mimal,  a mouse,  &c.,  poisonous  symptoms  will  bo  developed. 

Commercial  aconitine  is  at  the  present  time  so  valuable  in  its 
-omposition  that  it  is  hardly  safe  to  generalise  from  the  samples 
net  with.  It  is  usually  an  amorphous  white  powder,  melting 
>8low  the  temperature  of  boiling  water,  and  yielding  an  amor- 
hous  sublimate  above  150°C.  ; it  dissolves  without  colour  in 
itric  acid,  and  gives  no  precipitate  with  bichloride  of  plati- 
um. 

(a.)  On  heating  aconitine  with  phosphoric  acid,  a violet  colour 

produced  (Van  Ilasselt). 
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(b.)  Sulphuric  acid  produces  a bi'own  colour  slowly,*  passing 
through  different  shades  of  red-brown  into  violet. 

(c.)  Sugar  and  sulphuric  acid  give  a red  colour  [Schneider'). 

§ 84.  Fatal  Dose. — The  fatal  dose  of  pure  aconitine,  or  pseuda- 
conitine,  is  probably  about  -64  mgrm.  (y\j-  grain)  ; if  in  any  case 
so  small  a quantity  should  have  caused  death,  it  is  highly 
improbable  that  chemical  manipulation  would  detect  it  with, 
certainty. 

§ 85.  Analysis  of  Pharmaceutical  Preparations  of  Aconite. — 
The  yield  of  total  alkaloids  from  aconite  roots  is  variously  stated 
at  from  '03  to  -04  per  cent.  The  approximate  strength  of  tinctures, . 
liniments,  &c,,  may  be  determined  by  Mayei*’s  reagent. t Eachi 
cc.  of  this  fluid  precipitates  ‘0269  of  Duquesnel’s  aconitine,  which 
(according  to  the  recent  researches  of  Dr.  Wright)  Duquesnel 
obtained  neai'ly  pure.  The  titration,  according  to  Dragendorff, . 
must  operate  upon  a fluid  containing  about  one  part  of  the 
alkaloid  in  150  to  200  of  water,  and  a first  experiment  is  neces-- 
sary  in  order  to  ascertain  the  proper  degree  of  dilution.  The- 
reagent  is  then  added  from  a burette,  and  by  the  use  of  a Beale’s* 
filter  the  point  at  which  a precipitate  ceases  to  be  produced  is  • 
noted. 

Extracts  of  aconite  must  be  treated  with  acidulated  water, 
and  filtered  ; spirituous  prepai’ations  must  be  freed  from  alcohol, 
and  acidulated.  Herr  Zinoffsky,  operating  in  this  way,  found : 
in  Bussian  tinctures  TIG  to  T per  cent,  of  aconitine.  The- 
extracts  appear  to  contain  from  4 to  G'5  per  cent. 

Commercial  aconitine  may  be  assayed  by  the  use  of  saponify- 
ing agents,  changing  aconitine  and  pseudaconitine  respectively  ■ 
into  benzoic  and  dimethyl-protocatechuic  acids.  The  following  ,i 
(from  a recent  number  of  the  Pharmaceutical  Journal)  is  an  i 
example  of  this  method  : — 

0*7895  grain  lost  at  100°  0*0335,  . 

2*3040  grain,  dissolved  in  hydrochloric  acid, 
and  treated  with  ether,  furnished  0*010 
grain  of  residue,  left  on  spontaneous  eva- 
poration of  ether,  consisting  of  resinous 
matter  with  a little  dimethyl  - proto- 
catechuic  acid,  ..... 

2*0230  grain,  heated  to  240  to  250  in  a sealed 
tube  for  twenty-four  hours  with  water, 
yielded  with  hydrochloric  acid  and  ether 


= 4*2  per  cent.  ;i 


= 0*4 


0*3660 


gram 


of  mixed  benzoic  and 


♦ The  full  violet  colour  takes  twenty-four  hours  to  produce.  - 

t 13*546  grms.  of  mercuric  chloride  and  49*8  potassic  iodide  in  a litre  of 
water. 


ERGOT  OF  RYE. 


341 


§80.] 

diraethyl-protocatecliuic  acids,  with  trace 
of  resin,  . . . . . . = 18*1  per  cent. 

On  distillation  with  water,  0'002  grin,  of 
benzoic  acid  was  obtained,  melting  at 
110°C., = 0-1  „ 

•1  per  cent,  of  benzoic  acid  would  correspond  to  O'G  per 
cent,  of  aconitine,  since  pure  aconitine  has  been  found  experi- 
mentally to  yield  about  one-sixth  of  its  weight  of  benzoic  acid. 

Pure  pseudaconitine  is  assumed  to  yield  25  per  cent,  of  its 
weight  of  diniethyl-protocatechuic  acid  ; in  other  words,  the 
percentage  of  dimethyl-protocatechuic  acid  multiplied  by  4 (after 
making  corrections  for  resin,  pre-existing  acid,  and  benzoic  acid), 
ecpials  for  practical  purposes  the  percentage  of  pseudaconitine  ; 
hence  the  results  of  the  previous  analysis  are  thus  worked 
out ; — 

Total  dimethyl  - protocatechuic  and  benzoic 

acids,  and  resin  obtained,  . . . = 18T  per  cent. 

Deduct  resin  and  pre-existing  dimethyl-proto- 
catechuic acid,  . . . . . = 0-4  „ 


Acids  due  to  pseudaconitine  and  aconitine 

present,  . . . . . . . = 17‘7 

Den  zoic  acid  due  to  aconitine,  . . . = OT 


Dimethyl-protocatechuic  acid  due  to  pseuda- 
conitine, . . . . . . = 17*6 

Percentage  of  pseudaconitine,  = 17’G  x 4 = 70-4 
Ditto  of  aconitine,  . . = 0TxG  = O’G 

Water,  .....  = 4*2 

Pseudaconiue  and  amorphous  unnamed  base, 

ttc.,  by  difference,  . . . . . = 24*8 


XL— ERGOT  OF  RYE. 

§ 8G,  Ergot  is  a peculiar  fungus  attacking  the  rye  and  other 
graminaceous  plants;*  it  has  received  various  names,  Claviceps 
purpurea,  Tulasne,  Spermoedia  clavus.  Fries,  Sderotium  clavus, 
D.C.,  &c.  The  peculiar  train  of  symptoms  arising  from  the  eat- 
ing of  ergotised  grain  (culminating  occasionally  in  gangrene  of 
the  lower  limbs),  its  pov/erful  action  on  the  pregnant  uterus,  and 
ds  styptic  effects,  are  well  known. 

The  very  general  use  of  the  drug  by  accoucheurs  has,  so  to 

* Some  of  the  CypzracecB  are  also  attache  1. 
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speak,  popularised  a knowledge  of  its  action  among  all  classes  |j 
of  society,  and  its  criminal  employment  as  an  aLortivc  appears;  | 
to  be  on  the  increase.  i 

Tlie  healthy  grain  of  rye,  if  examined  microscopically  in  thin  *| 
sections,  is  seen  to  be  composed  of  the  seed-coating,  made  up  oil  j 
two  layers,  beneath  which  are  the  gluten-cells,  whilst  the  greatl  i 
bulk  of  the  seed  is  composed  of  cells  containing  starch.  In  the* 
ergotised  grain,  dark  (almost  black)  cells  replace  the  seed-coat  and 
the  gluten-cells,  whilst  the  large  starch-containing  cells  are  lillecbi 
with  the  small  cells  of  the  fungus  and  numerous  drops  of  oil. 

§ 87.  The  Chemical  Constituents  of  Ergot  are  a hxed  oil,  tri- 
methylamine,  certain  active  principles,  and  colouring  matters. 

The  fixed  oil  is  of  a brownish-yellow  colour,  of  aromatic  flavoui- 
and  acrid  taste ; its  specific  gravity  is  0-924,  and  it  consists; 
chiefly  of  the  glycerides  of  palinitin  and  olein  ; it  has  no  physio-' 
logical  action. 

Trimethylamine  is  always  present  ready  formed  in  ergot ; iti 
can  also  be  produced  by  the  action  of  potash  on  ergot. 

With  regard  to  the  active  lorincfles  of  ergot  considerable  con-,i 
fusion  still  exists,  and.  no  one  has  hitherto  isolated  any  siuglei 
substance  in  such  a state  of  pui’ity  as  to  inspire  confidence  as  toi' 
its  formula  or  other  chemical  characters.  They  may,  however,  Le« 
briefly  described. 

C.  Tamet  [Compt.  Ee7idas,  xxxi.  89 G)  has  separated  an  alkaloid, 
which  appears  identical  with  VhenzeV s ergothime.  To  obtain  this 
the  ergot  is  extracted  by  alcohol  of  86°,  the  spirit  removed  by 
distillation,  and  the  residue  cooled  ; a resin  (which  is  deposited) 
and  a fattj’’  layer  (which  floats  on  the  surface)  are  separated  from 
the  extractive  liquor  and  washed  with  ether  j the  ethereal  solu- 
tion is  filtered  and  shaken  with  dilute  sulphuric  acid,  which 
takes  up  the  alkaloid;  the  aqueous  solution  of  the  sulphate  is 
then  filtered,  rendered  alkaline  by  KHO,  and  agitated  with 
chloroform.  The  ergotinine  is  now  obtained  by  eva})orating  the 
chloroform  solution,  care  being  taken  to  protect  it  from  contact 
with  the  air.  It  gives  precipitates  with  chloride  of  gold,  potas- 
sium iodohydrargyrate,  phosphomolybdic  acid,  tannin,  bromine 
water,  and  the  chlorides  of  gold  and  j)latinum.  With  moderately 
concentrated  80^H2,  it  gives  a yellowish-red  coloration,  changing  . 
to  an  intense  violet,  a reaction  which  does  not  occur  if  the  alka- 
loid has  been  exposed  to  the  air.  The  composition  of  the  base  is 
represented  b}:"  the  formula  and  a crystalline  sul- 

phate and  lactate  have  been  obtained. f 

* The  liusaian  peasantiy  use  the  drug  for  the  same  punjosc.  1 *'dc 
Mackenzie  Wallace's  “Jiiis^ia,”  I.,  p.  117. 
t Comg)tes  Rendus,  April,  1S78. 
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Wenzel’s  Ecboline  is  prepared  by  precipitating  the  cold  watery 
extract  of  ergot  with  sugar  of  lead,  throwing  out  the  lead  in 
the  usual  way  by  hydric  sulphide,  concentrating  the  liquid,  and 
adding  mercuric  chloride,  which  only  precipitates  the  ecboline. 
The  mercury  salt  is  now  decomposed  with  hydric  sulphide,  and 
after  the  mercury  precipitate  has  been  filtered  off,  the  filti’ate  is 
treated  with  freshly  precipitated  phosphate  of  silver,  and  refil- 
tered ; lastly,  the  liquid  is  shaken  up  with  milk  of  lime,  again 
filtered,  and  the  lime  thrown  out  by  CO,.  The  last  filtrate  con- 
tains ecboline  only,  and  it  is  obtained  by  evaporation  at  a gentle 
heat.  It  is  an  amorphous,  feebly  bitter  substance,  with  an  alka- 
line reaction,  forming  only  amorphous  salts. 

The  most  recent  research  by  Dragendorff  on  ergot  tends  to 
show  that  Wenzel’s  alkaloids,  ergotinine  and  ecboline,  are  inac- 
tive. Dragendorfl'  describes  also  (a.)  Scleromucin,  a slimy  sub- 
stance which  goes  into  solution  upon  extraction  of  the  ergot 
with  water,  and  which  is  again  precipitated  by  40  to  45  per  cent, 
alcohol.  It  is  colloidal  and  soluble  with  difficulty  in  water.  It 
contains  nitrogen,  but  gives  no  albuminoid  reaction,  nor  any 
reaction  of  an  alkaloidal  or  glucosidal  body;  it  yields  to  analysis — 


8-26  per  cent.  Water. 

2G-8  ,,  Ash. 

29-0  ,,  Cai'bon. 

6-44  „ Hydrogen. 

6-41  „ Nitrogen. 


(6.)  Sclerotic  Acid. — A feebly-acid  substance,  easily  soluble  in 
water  and  dilute  and  moderately  concentrated  alcohol.  It 
passes,  in  association  with  other  constit\ients  of  the  ei’got  extract, 
into  the  diffusate,  when  the  extract  is  submitted  to  dialysis  ; but 
after  its  separation  in  a pure  state  it  is,  like  scleroinucin,  col- 
loidal. It  is  precipitated  by  85  to  90  per  cent,  alcohol,  together 
with  lime,  potash,  soda,  silica,  and  manganese;  but  after  macera- 
tion with  hydrochloric  acid,  the  greater  part  of  the  ash  con- 
stituents can  be  sepai’ated  by  a fresh  precipitation  with  absolute 
alcohol.  The  sample  gave  40-0  per  cent,  of  carbon,  5 '2  per  cent, 
hydrogen,  4’2  per  cent,  nitrogen,  50 ’G  per  cent,  oxygen,  with  3-4 
per  cent,  of  ash.  Sclerotic  acid  forms  with  lime  a compound  that 
is  not  decomposed  by  carbonic  acid,  and  wdiich  upon  combustion 
leaves  from  19  to  20  per  cent,  of  calcium  carbonate.  Both  these 
substances  are  active,  although  evidently  impure.  Sclerotic  acid 
is  sold  ill  commerce,  and  has  been  employed  subcutaneously  in 
midwifery  practice  in  Russia  and  Germany  for  some  time. 

The  inert  principles  of  ergot  are — 1.  A red  colouring  matter, 
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Sclere7'y thrill,  insoluble  in  ■\vatex’,  but  soluble  in  dilute  and  stroni 
alcohol^  ether,  chlorofo]-rn,  dilute  solutions  of  potash,  ammonia,  (t 
It  can  be  obtained  by  dissolving  in  an  alkali,  neutralising  wi 
an  acid,  and  shaking  up  with  ether.  Alcoholic  solution  of  scle 
erythrin  gives  with  aluminium  suljihate,  and  with  zinc  chlorid 
a splendid  red  mixture  ; with  salts  of  calcium,  bai’ium,  and  man 
of  the  heavy  metals,  it  gives  a blue  precipitate  ; the  yield  is  onl 
•1  to  ‘05  in  a thousand  ]>arts. 

(2.)  Another  colouring  matter,  dissolving  in  concentrated  sn 
]diuric  acid  with  the  production  of  a line  blue  violet  colour,  tli| 
discoverer  has  named  Sderoiodin.  This  is  not  soluble  in  alcoho 
ether,  chloroform,  or  water;  but  dissolves  in  alkaline  solution: 
potash  producing  a splendid  violet  colour;  yield  about  1 to  100 

(3,  4.)  Two  crystalline  substances,  which  maybe  obtained  fro. 
ergot  powder,  fh’st  treated  with  an  aqueous  solution  of  tartan 
acid,  and  the  colouring  matters  extracted  by  ether.  One  Drage 
dorff  names  Sclerocrystcdlin,  Oj^qH^qO^  ; it  is  in  colourless  needleii 
insoluble  in  alcohol  and  water,  with  difficulty  soluble  in  etha 
but  dissolving  in  ammonia  and  jiotash  solutions.  The  other  cry 
talline  substance  is  thought  to  be  merely  a hydrated  compouii 
of  sclerocrystallin.  Both  arc  without  physiological  action. 

The  solid  ergot  and  its  prejiarations  are  readily  recognised  I 
their  physical  characters,  and  by  the  property  they  possess 
yielding  trimethylamine*  on  distillation  with  potash.  In  tl 
present  state  of  our  knowledge,  it  is  better  to  trust  to  the  pi’’ 
duction  of  this  definite,  well-known  chemical  substance,  than 
attempt  to  isolate  the  principles  which  have  been  described.  Wk 
regard  to  ergot  taken  into  the  stomach,  unless  the  liquid  or  po'. 
der  itself  remains  thei'e  for  identification,  it  is  hopeless  to  scare 
for  the  drug ; the  tests  for  ergot  must  be  much  mo- 

definite  than  they  arc  at  present,  before  such  a search  can  1 
successful. 

§ 88.  The  Detdc.tion  of  Ergot  in  flour  or  meal  may  be  effectai 
by  distilling  with  potash,  and  examining  the  distillate  f* 
trimethylamine.  The  liquid  (which  in  an}'-  case  will  contan 
ammonia)  is  carefully  neutralised  with  dilute  sulphuric  acijj 
and  evaporated  to  dryness.  On  treatment  of  the  dry  mass  wi  f 
ether,  the  sulphate  of  ti'imcthylamine  is  dissolved  out  of  tlij 
ammonium  sulphate,  the  latter  being  left  unacted  upon.  Tl  | 
sulphate  of  trimethylamine  may  now  be  dissolved  in  a littfi 
water,  placed  in  a retort  with  freshly-burnt  lime,  and  distilleijj 

* Since  trimethylamine  is  -|)roduced  from  a variety  of  substances,  to  fir 
it  would  not  be  sufficient  evidence  in  itself  of  the  2>rosence  of  ergot ; b 
here,  as  elsewhere,  the  judgment  is  formed  not  on  one  isolated  fact,  but  <ti 
several  taken  together. 
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I condensing  the  products  in  a (J  tube,  which  must  be  cooled  by 
! a freezing  mixture,  or  by  ice,  or  in  any  other  suitable  manner. 

; Triniethylamine  is  present  if,  under  sucb  circumstances,  a 
I strongly  alkaline  inflammable  liquid,  smelling  fishy  and  am- 
j inoniacal,  is  obtained. 

i Another  method  is  as  follows*: — 10  grins,  are  treated  twice 
! with  30  grms.  of  boiling  alcohol  of  90  per  cent,  (in  which  the 
, colouring  matter  is  not  soluble),  and  each  time  passed  througli 
; linen.  The  substance  thus  j)urified,  is  again  digested  with 
I alcohol,  and  when  filtered  off,  should  be  colourless  ; if  not,  the 
] e.xtraction  must  be  repeated  until  it  is.  The  substance  is  now 
'■  treated  with  from  10  to  20  drops  of  diluted  sulphuric  acid, 
shaken  up,  and  then  allowed  to  stand.  If  the  meal  is  pure,  the 
supernatant  fluid  should  be  colourless,  or  of  a pale  yellow;  but  if 
; ergot  be  present,  it  will  be  coloured  more  or  less  intensely  red. 

I It  may  be  estimated  by  colorimetric  processes,  and  | per  cent,  of 
• ergot  detected  in  this  way. 

: § 89.  Pharmaceutical  Preparations. — Ergot  itself  is  officinal  in 

; all  the  pharmacopeias,  and  occurs  in  grains  from  to  1 inch  in 
I j length,  and  about  the  same  breadth,  triangular,  curved,  obtuse 
1 at  the  ends,  of  a purple  colour,  covered  with  a bloom,  and  brittle, 

, e.xlubiting  a ])inkish  interioi',  and  the  microscopical  appearances 
j already  detailed.  Ergot  may  also  occur  as  a brown  powder, 

I possessing  the  unmistakable  odour  of  the  drug.  A liquid  extract 
i of  the  B.  P.  is  prepared  by  exhausting  the  ergot  of  fat  by  ether, 
j digesting  the  marc  in  water  at  1G0°.F.,  and  evaporating  ; spirit  is 
then  added,  and  the  liquid  filtered  from  the  precipitate  which  is 
1 formed.  The  extract  of  the  Continental  pharmacopeias  is  very 
I similar.  It  has  been  found  in  practice  that  the  addition  of  a 
little  sulphuric  acid  aids  in  preserving  the  strength  of  the  extract, 

I which  will,  therefore,  be  generally  found  acid,  containing  from 

12  to  14  per  cent,  of  solid  matters,  and  yielding  from  -022  to  ’028 
I of  albuminoid  nitrogen  when  distilled  with  alkaline  permanganate 

of  potash.  A tincture  and  an  infusion  are  also  officinal;  the  latter 

13  very  frequently-  used,  but  seldom  sold,  for  it  is  preferable  to 
prepare  it  on  the  spot.  The  tincture,  experience  has  shown  to  be 
far  inferior  in  power  to  the  exti'act,  and  it  is  not  much  used. 

§ 90.  Dose. — The  main  difficulties  in  the  statement  of  the 
medicinal  dose,  and  of  the  minimum  quantity  which  will  destroy 
life,  are  the  extreme  variability  of  difierent  samples  of  ergot 
and  its  readiness  to  decompose.  A full  medicinal  dose  of  ergot 
dself,  as  given  to  a woman  in  labour,  is  4 grms.  (61 '7  grains), 
I’npeated  every  half  hour.  In  this  way  enormous  doses  may  be 

I * Jacoby,  quoted  by  Dra?endorff— “ Beitrlige  zur  G erichtlicben  Cberaie.” 
1 Petersburg,  1872. 
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given  in  some  cases  without  much  effect.  On  the  other  ha 
doses  so  small  as  1 to  4 grins,  have  caused  serious  poisoni 
symptoms.  The  extract  and  the  tincture  are  seldom  giver 
larger  doses  than  that  of  a drachm  as  a first  dose,  to  exi 
uterine  contraction.  In  fact,  the  medical  practitioner  hai 
many  cases  to  experiment  on  his  patient  with  the  drug,  in  on 
to  discover  not  only  the  individual  susceptibility,  but 
activity  of  the  particular  ]ireparation  used. 


XII.— DIGITALIS. 

§ 91.  The  Digitalis  purpurea,  or  foxglove,  is  a plant  extrem 
common  in  most  parts  of  England,  and  poisoning  may  occur  fil 
the  accidental  use  of  the  root,  leaves,  or  seeds.  The  seeds  | 
Ycry  small  and  pitted;  they  weigh  1126  to  a grain  (Guy),  ar« 
a light  brown  colour,  and  in  form  somewhat  egg-shaped,  i 
leaves  are  large,  ovate,  crenate,  narrowed  at  the  base,  rug(f 
veined,  and  downy,  es])ecially  on  the  under  surface.  Till 
colour  is  a dull  green,  and  they  have  a faint  odour  and  a bit 
nauseous  taste.  The  leaf  is  best  examined  in  section.  Its  ( 
dermis,  when  fresh,  is  seen  to  consist  of  transparent,  hexagOL 
colourless  cells,  beneath  which,  either  singly  or  in  groups,  tff 
are  round  cells  of  a magenta  tint,  and  beneath  these  agy 
a layer  of  columnar  cells,  and  near  the  lower  surface  a loi 
parenchyma.  The  hairs  are  simple,  appearing  scantily  on 
upper,  but  profusely  on  the  lower,  surface;  each  is  composec~ 
from  four  to  five  joints  or  cells,  and  has  as  its  base  a magei> 
coloured  cell.  The  small  leaves  just  below  the  seed-case,  £ 
the  latter  itself,  arc  studded  with  glandular  hairs.  The  root  c 
sists  of  numerous  long  slender  fibres. 

§ 92.  Chemical  Comp>osition. — It  is  now  generally  accep’ 
that  there  exist  in  the  foxglove  at  least  four  distinct  principj 
— digitaline  (0541134027),  digitonine  (O34H52O47),  digitox> 
(CgjIIggOy),  and  digital eine  (C2iH4(.044).  These  are  all  proba* 
derivatives  of  digitaline. 

(1.)  Digitaline  (0541134027),  when  perfectly  pure,  forms  fi 
white,  glittering,  hygi’oscopic  needles,  or  groups  of  crystall 
tufts;  it  is  without  smell,  but  possesses  a bitter  taste,  wlncli 
at  once  of  slow  develo})ment  and  of  long  endurance.  On  wai 
ing  it  becomes  soft  under  100°0.,  and,  above  that  temperatui 
is  readily  decomposed  with  evolution  of  white  vapours, 
dissolves  but  slightly  even  in  boiling  water,  and  is  cpiite  insolu 
in  ether  and  benzole;  12  parts  of  cold,  and  G of  boiling,  alcol 
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of  90  per  cent,  dissolve  one  of  digltaline;  cliloroforni  dissolves 
it  in  all  proportions.  Dilute  hydrochloric  or  sulphuric  acid  de- 
compose it  into  glucose  and  digitaletine  (C42HG0^is)i  action 

is  prolonged,  digitaleretine  (CgoHjQOjo),  and  tinally  dehydrated 
ligitaleretine  (CgQH^^O^.)  are  formed.  Concentrated  sulphuric  acid 
dissolves  it  with  tlie  production  of  a green  colour,  which  hy 
oromiiie  passes  into  red,  but  on  the  addition  of  water  becomes 
igain  green.  Hydrochloric  acid  dissolves  it  with  tlie  production 
)f  a greyish-yellow  coloui*,  passing  gradually  into  emerald  green ; 
,vater  precipitates  from  this  solution  a resinous  mass. 

(2.)  Digitonine  is  white,  amorphous,  and  soluble  in  water  in 
very  proportion;  its  aqueous  solution  froths.  Absolute  alcohol 
issolves  it  in  the  cold  with  difficulty,  more  easily  upon  warming, 
)ut  the  best  solvent  is  a mixture  of  chloroform  and  alcohol.  It 
ppears  to  have  somewhat  the  chemical  characters  of  saponin. 

(3.)  Digitoxme,  according  to  Semiediberg  {Fharm.  Journ.  Trans. 
3],  V,  741-743),  is  only  present  in  the  proportion  of  one  part  to 
very  10,000  of  the  dried  leaves.  It  may  be  obtained  in  crystals 
y extracting  the  dry  exhausted  leaves  with  alcohol  of  50  per 
ent.,  precipitating  with  lead  acetate,  and  washing  the  precipitate 
rat  with  a dilute  solution  of  sodium  carbonate  (to  remove 
Dlouring  matter),  and  then  with  ether,  benzine,  and  carbonic 
isulphide,  in  all  of  which  it  is  insoluble ; on  decomposing  the 
;ad  compound,  digitoxine  may  be  obtained  in  colourless  scales 
:•  needle-shaped  crystals. 

(4.)  Digitaleine  is  a colourless,  amorphous  body,  soluble  in 
iloroform,  alcohol,  and  water,  but  insoluble  in  benzine ; its 
(hition  has  a sharp,  bitter  taste,  and  froths  on  shaking. 

The  main  interest,  from  a medico-legal  point  of  view,  howevei', 
n mcentrates  itself  moi'e  upon  the  i^roperties  of  commex’cial  digi- 
line,  which  often  consists  of  an  equal  mixture  of  the  four  bodies 
id  their  decomposition  products.  There  are  at  least  two  kinds 
digitaline  in  commerce;  one,  the  German,  containing  true 
gitaline,  composed  of  from  2 to  3 ])er  cent,  of  digitonine  and 
gitaleine,  ancl  soluble  in  water;  the  other,  the  so-called  French, 
luble  in  water  with  difficulty,  and  containing  digitaline, 
gitoxine,  and  an  inactive  substance,  which  has  been  named 
litine. 

The  general  behaviour  of  the  four  bodies  to  reagents  is  as 
lows: — Concentrated  hydrochloric  acid  colours  crystallised 
;italine  yellow-green;  amorphous  digitaleine,  light  yellow;  digi- 
line,  on  boiling,  garnet  to  violet-red;  digitoxine,  yellow-gi'een. 
ncentrated  sulphuric  acid  dissolves  digitaline  green-brown; 
;italeine,  reddish-brown;  digitoxine,  green  to  black-brown; 
ptonine,  brown-red.  The  last  is  dissolved  by  dilute  sulphuric 
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acid  [1  : 3]  without  colour,  and  the  same  remark  applies  i 
hydrochloric  acid;  on  warming  with  either  of  these  acids, 
Auolet-red  colour  appears ; this  reaction  thus  serves  to  distinguis 
digitonine  from  the  three  other  constituents,  as  well  as  froi 
saponin. 

Sulidmric  and  gallic  acids  colour  the  glucosides  of  digitalhu; 
digitaleine,  and  digitonine,  red,  hut  not  digitoxine,  which  ca; 
he  identified  in  this  way. 

Suljihuric  acid  and  bromine  give  with  digitaline  a red,  an 
with  digitaleine  a violet  coloi'ation,  which,  on  the  addition  ( 
water,  change  respective!}'’  into  emerald  and  light  green.  Thi 
the  most  important  chemical  test  we  possess,  is  sometimes  caller 
Grandecm's  test ; it  is  not  of  gi'eat  delicacy,  the  limit  being  abow 
'1  mgrm. 

§ 93.  Pharmaceutical  Prej^arations  of  Digitaline. — Digitalin 
itself  is  officinal  in  the  French,  Dritish,  and  Austrian  pharma 
copeias.  It  is  prepared  in  our  own  by  making  a strong  tinctur.. 
of  the  leaves  at  120°F. ; the  spirit  is  then  evaporated  off,  and  th. 
extract  heated  v/ith  acetic  acid,  decolorised  by  animal  charcoa* 
and  filtered.  After  neutralisation  with  ammonia,  the  digitalim 
is  })recipitated  with  tannic  acid,  and  the  tannate  of  digitalin: 
resolved  into  tannate  of  lead  and  free  digitaline,  by  rubbing  i 
with  oxide  of  lead  and  spirit. 

Digitalis  leaf  is  officinal  in  most  of  the  pharmacopeias. 

Tincture  of  digitalis  is  officinal  in  our  own  and  all  the  Coni 
tinental  pharmacopeias,  and  an  ethereal  tincture  is  used  in 
France  and  Germany. 

An  Acetum  digitalis  is  officinal  in  the  Netherlands  and  Germany; 
an  extract  and  infusion  are  also  used  to  some  extent. 

With  regard  to  the  nature  of  the  active  principle  in  thesd 
different  preparations,  according  to  Dragendorff,  digitonine  any 
digitaleine  are  most  plentiful  in  the  acetic  and  aqueous  pre- 
parations ; whilst  in  the  alcoholic,  digitaline,  digitoxine,  and  digi- 
taleine are  present. 

§ 94.  Fatal  Dose. — It  is  difficult  to  say  what  would  be  tli4 
minimum  dose  of  commercial  digitaline,  or  its  equivalent,  necest 
.sary  to  destroy  life,  but  it  is  usually  placed  at  about  4 mgrms.i 
or  of  a grain. 

§ 95.  Detection  of  the  Active  Principle  in  Organic  Matters,  »tc. — 
In  a case  of  poisoning  by  digitaline,  or  the  officinal  preparation^ 
of  digitalis,  a remnant  undecomijosed  may  be  found  in  tlm 
stomach  or  first  portion  of  the  intestines  ; but  any  attempt  ai 
extraction  from  the  tissues  or  the  blood,  if  not  absolutely  hope^ 
less,  docs  not  offer  much  j)robability  of  success.  The  great  any 
essential  precaution  in  seai’ching  for  digitaline  is,  never  t(' 
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allow  tlie  temperature  to  exceed  50°C. ; if  an  extract  is  once 
heated  to  100°C.,  decomposition  and  loss  may  ensue.  The  con- 
tents of  the  stomach  are  filtered  through  linen,  pressed,  and  their 
bulk,  if  necessary,  reduced,  by  placing  the  organic  fluid  in  a 
large  evaporating  basin,  exposed  either  to  a current  of  air  or  to 
a heat  of  about  40°C.  To  this  concentrated  extract  acetic  acid 
is  added  to  the  extent  of  about  50  per  cent.,  and  the  acid  watery 
extract  shaken  up  with  petroleum  ether  (which  removes  none  of 
the  glucosides,  Imt  many  impurities),  and  then  with  benzine, 
which  may  be  warm.  The  benzine  thus  obtained  is  best  allowed 
to  evaporate  spontaneously,  and  may  leave  the  substances  pure 
enough  to  respond  to  tests.  Digitaline  can  be  separated  from 
digitaleine  by  chloroform,  which  dissolves  out  the  latter,  with  a 
little  only  of  the  former. 

§ 96.  Physiological  Tests. — Before  the  discovery  of  the  bromine 
reaction,  it  was  considered  that  the  active  principles  of  the  fox- 
glove could  only  be  identified  by  physiological  tests;  and  although 
the  same  necessity  does  not  now  exist,  yet  such  tests  are  still 
useful.' 

The  local  application  of  digitaline,  with  its  associates,  produces 
irritant  effects.  If  applied  to  the  eye,  there  is  inflammation 
and  slight  irritation  of  the  pupil.  Hypodermic  injections  may 
also  excite  an  erysipelatous  inflammation. 

Digitaline  has  a specific  and  very  peculiar  action  upon  the 
heart,  which  may  be  conveniently  studied  for  forensic  purposes 
on  a frog.  If  the  experimenter  has  never  witnessed  the  action 
of  the  drug  on  the  heart  of  the  frog,  it  will  be  judicious  to  place 
two  frogs  under  glass-shades,  poisoning  the  one  with  commercial 
digitaline,  and  using  exactly  the  same  weight  (or,  if  impui’e,  a 
little  more)  of  the  unknown  substance  to  the  second  frog. 

Drs.  Fagge  and  Stevenson  have  shown'^  that,  under  the 
influence  of  digitaline,  thei'e  is  a peculiar  form  of  imegularity  in 
the  beats  of  the  heart  in  the  frog ; the  ventricle  ultimately  stops 
in  the  white  contracted  state,  the  voluntary  power  being  retained 
for  fifteen  to  twenty  minutes  afterwards ; in  veiy  large  doses 
there  is,  however,  at  once  paralysis. 


XTIL— COLCHICUM. 


§ 97.  The  whole  of  the  Colchicum  autumnale,  or  common 
meadow-saffron,  is  poisonous,  owing  to  the  presence  of  an  alkaloid 
(discovered  by  Pelletier  and  Caventou)  called  Colchicine. 

* Guy's  Hospital  Reports,  3d  s-jries,  vol.  xii.,  p.  37. 
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According  to  Joliannson’s  experiments,  tlie  dried  colcliic» 
seeds  contain  1'15  per  cent,  of  colchicine;  the  leaves,  1'459  ] 
cent.;  the  bulbs,  from  T4  to  1-58  per  cent.;  and  the  roots,  04 
per  cent.  The  frequent  poisoning  of  cattle  in  the  autumn  . 
colchicum,  its  use  in  quack  pills  for  rheumatism,  and  its  suppoa- 
occasional  presence  in  beer,  give  it  an  analytical  importance. 

§ 98.  Colchicine,  may  be  extracted  from  the  see*  i 

<kc.,  in  the  manner  recommended  by  Hlibler  : — The  seeds  s 
treated,  without  crushing,  by  hot  90  per  cent,  alcohol,  and  t i i 
alcoholic  solution  evaporated  to  a syrup,  which  is  diluted  wr  « 
twenty  times  its  bulk  of  water  and  filtered ; the  liquid  is  ne«.  ) 
treated  with  acetate  of  lead,  again  filtered,  and  the  lead  throM  i 
out  by  phosphate  of  soda.  Colchicine  is  now  precipitated  i 
a tannate,*  the  formula  of  which,  according  to  Hiibler,  I 
3C^7HjgN052C2-H220j^.  The  precipitation  is  best  fractional,  t I 
first  and  last  portions  being  rejected  as  containing  impuritid  I 
The  tannate  is  decomposed  in  the  usual  way  with  litharge,  anj  | 
extracted  by  alcohol. 

A simpler  method  is,  however,  extraction  by  chloroform  fro>  I 
an  aqueous  solution,  feebly  acidified,  as  recommended  by  Drage:< 
dorff.  The  parts  of  the  plant  are  digested  in  very  dilute  ac> 
water,  and  the  resulting  solution  concentrated  and  shaken  v. 
with  chloroform,  which  is  best  done  in  the  flask  figured  am 
described  at  p.  74. 

Colchicine  is  usually  obtained  as  a yellowish-white,  gumm; 
or  resinous  mass,  but  it  is  also  possible  to  obtain  it  in  ci'ystalliia 
needles  and  prisms.  It  softens  at  130°,  and  at  140°  melts;  dii 
solves  slowly  but  in  eveiy  proportion  in  water ; the  solutioi 
is  neutral.  It  dissolves  easily  in  spirit.  Pure  colchicine  i 
said  by  Plubler  not  to  dissolve  in  ether — a statement  contra 
dieted  by  Geiger  and  Hesse,  with  whom  Dragendorff  agrees,  am 
adds,  that  it  is  also  soluble  in  benzine,  amyl  alcohol,  and  chlora 
form,  but  not  in  petroleum  ether.  Dilute  acids  and  alkalies  dm 
solve  it,  the  solution  becoming  slowly  or  quickly  coloured 
intensely  yellow,  whilst  a decomposition  takes  i)lace.  Boiliiya 
with  dilute  acid,  and  also  the  protracted  action  of  baryta  wates 
in  closed  tubes,  forms  colchcieine.  Concentrated  potash-lye  givesi 
upon  heating  with  it,  a brown  resinous  substance. 

Colchiceine  crystallises  in  needles,  or  in  glittering  plates,  anc| 
tastes  less  bitter  than  colchicine;  it  melts  at  155°,  dissolves  bu1 
little  in  cold,  copiously  in  boiling  water ; is  soluble  in  chloroform' 

The  purest  tannic  acid  must  be  used.  The  commercial  tannin  m<ay  be! 
purified  by  evaporating  to  dryness  with  litharge,  exhausting  the  tannate  of 
lead  I'epeatedly  avith  boiling  alcohol  and  water,  and,  lastly,  susjiciuling  in 
water,  and  separating  the  lead  by  SID.  | 
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'^iraetliyl  and  ethyl  alcohols,  but  soluble  with  difficulty  in  ether. 
It  appears  to  be  an  acid,  forming  salts  with  the  alkalies ; its 
irecipitants  are — tannic  acid,  phosphomolybdic  acid,  picric  acid, 
chloride  of  gold,  &c. 

Colchiceine  gives  a remarkable  series  of  colours  with  the  in- 
organic acids,  a property  Avhich  may  be  utilised  as  a test  either 
“or  the  presence  of  colchicine,  or,  conversely,  for  the  presence  of 
mineral  acid  in  such  liquids  as  vinegar,  &c.  Concenti-ated 
nitric  acid  of  1’4  specific  gravity  colours  either  colchiceine  or  col- 
chicetine  violet-blue,  changing  into  yellow,  and  lastly  passing  into 
1.1  green.  If  the  violet  solution  is  diluted  with  water  it  becomes 
yellow,  and,  on  the  addition  of  soda,  a beautiful  orange-yellow  or 
ed.  Concentrated  sulphuric  acid  dissolves  colchiceine  witli  an 
intense  yellow,  and  if  to  this  solution  a drop  of  nitiuc  acid  be 
added,  a dark  brown  zone  is  produced,  passing  gradually  through 
violet  and  brown  into  yellow. 

The  action  of  acids  is  also  very  distinctive,  although  slightly 
different  in  the  case  of  an  acid  directly  added  to  an  infusion  of 
the  seeds.  Thus,  if  a little  colchicine  be  extracted  by  alcohol 
and  water  from  a few  grains  of  the  seeds,  and  the  yellowish 
■solution  diluted  until  the  colour  is  scarcely  perceptible,  con- 
centrated sulphuric  or  nitric  acid  gives  a very  pronounced 
vellow,  which  a drop  of  HCl  changes  to  a blue-violet.  Nitric 
icid  dropped  into  another  portion  of  the  same  solution  con- 
entrated,  with  the  addition  of  a fragment  of  sodium  acetate, 
develops  an  orange  colour. 

The  precipitants  of  colchicine  are,  chiefly,  chloride  of  gold  and 
•hosphomolybdic'*  and  tannic  acids  ; picric  acid,  potassio-cadmic 
odide,  and  potassio-hydrargyric  iodide  give  no  precipitate, 
dhlorine  water  causes  in  a watery  solution  of  colchicine  a yellow 
)recipitate,  which  dissolves  in  ammonia  with  an  orange  colour. 

§ 99.  Pharmaceutical  Preparations. — Colchicine  itself  is  officinal 
n Austria ; the  wine  in  the  British,  French,  and  Dutch,  and  the 
eeds  themselves  in  all  the  pharmacopeias.  The  wine  of  colchi- 
um,  officinal  in  nearly  all  the  pharmacopeias,  is  made  with  very 
lifferent  proportions  of  seeds  or  bulbs,  as  the  table  on  next 
)age  shows. 

The  tincture  of  colchicum  is  officinal  in  our  own  and  in  all  the 
'ontinental  pharmacopeias;  in  the  British,  2-t  oz.  of  seeds  are 
xhausted  by  20  oz.  of  proof  spirit. 

A tincture  of  colchicum  seeds,  examined  by  Johannson,  con- 
ained  T2  per  cent,  of  colchicine,  and  a tincture  prepared  from 
he  bulbs  T4  per  cent. 

* It  is  useful  to  know  that  the  iihosphomolj'hdate  of  colchicine  gives  all 
he  colour  reaction.s  of  pure  colchiceine. 
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Colcliicuin  vinegar  is  not  officinal  in  Britain,  but  one  contaii: 
ing  5-4  per  cent,  of  acetic  acid  is  so  in  the  Netherlands,  German 
and  France;  the  strength  appears  to  be  about  -095  jier  cent.  > 
colchicine. 

An  extract  of  colchicum  is  officinal  in  Britain  and  Franc- 
and  an  acetic  extract  in  Britain;  the  latter  is  the  most  active  ( 
all  the  pharmaceutical  preparations  of  colchicum. 

Lastly,  an  oxymel  of  colchicum  is  in  use  in  Germany,  France 
and  the  Netherlands. 

Quach  and  Patent  Medicines. — In  all  specifics  for  gout  thi 
analyst  will  naturally  search  for  colchicum.  Most  gout  pill 
contain  the  extracts;  and  liquids,  such  as  “Reynolds’  goir 
specific,”  the  Avine  or  the  tincture  variously  flavoured  an« 
disguised. 

§ 100.  Fatal  Dose. — The  probable  poisonous  dose  of  colchicun 
may  be  fairly  predicted  from  the  cases  detailed  in  Archiv.fu 
Pharmacie,  Bd.  131,  p.  1.;  Husemann’s  “ Toxicologie,”  ana 
Taylor’s  “Principles  of  Medical  Jurisprudence.”  In  the  latte# 
work  is  mentioned  an  instance  in  which  3^  drachms  of  colchicun 
Avine,  taken  in  divided  doses,  eaused  death  on  the  fourth  day; 
The  quantity  of  the  active  i)rinciple  in  the  colchicum  Avine,  a< 
found  by  Johannson  (^Dreujendorff)  being  0T8  per  cent.,  i 
follows  that  '378  of  a grain  (or  '0244  grm.)  Avas  fatal,  though 
not  given  as  one  dose.  In  any  medico-legal  case,  the  analysis 
should,  if  material  is  at  hand,  endeavour  to  ascertain  the  strength 
of  the  preparation  administered. 

§ 101.  Separation  of  Colchicine  from  Organic  Matters. — Thc| 
solution  of  colchicine  from  the  stomach,  or  tissues  of  the  body; 
is  best  effected  by  extraetion  Avith  alcohol,  filtration,  and  con- 1 
centration  of  the  resulting  filtrate  by  eAmporation.  When  cool* 
it  is  acidified  and  shaken  up  several  times  with  petroleum  ether, j 
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which  will  not  dissolve  the  colchicine,  hut  will  remove  some  of 
the  impurities.  After  separation  of  the  petroleum  ether,  the 
solution  is  shaken  up  with  chloroform,  the  latter  removed  in  the 
usual  way,  agitated  with  pure  water  once  or  twice,  again  sepa- 
rated, and  lastly  evaporated  to  dryness.  The  colchicine,  j>ro- 
bably  mixed  with  colchicetine,  will  now  be  in  a pure  enough 
state  to  admit  of  the  successful  ap|d.ication  of  tests. 

In  cases  of  poisoning  by  colchicum  at  Berlin,  Wittstock  used 
the  following  ]>rocess : — The  contents  of  the  stomach  were  mixed 
with  a large  amount  of  alcohol,  a few  drops  af  HCl  added,  and 
the  whole  well  shaken;  the  fluid  was  then  filtered,  and  the 
filtrate  evaporated  to  a syrupy  consistence  at  37°C.,  The  result- 
ing residue  was  dissolved  in  distilled  water,  the  fat,  (fee.,  filtered 
off',  and  the  licj;uid  carefully  eva|X)rated.  From  the  extract 
foreign  matter  was  again  separated  by  treatment  with  alcohol  and 
filtration,  and  the  last  filtrate  was  evapoi’ated  to  a syrupy  con- 
isistence.  The  syruyjy  fluid  was  taken  i;p  by  distilled  water, 

' filtered,  evaporated  to  30  grms.,  and  2 grins,  of  calcined  magnesia 
with  90  grms.  of  ether  were  added.  After  a time,  the  ether  ivas 
(removed,  and  allowed  to  evaporate  spontaneously.  The  residue 
(was  once  more  taken  up  with  water,  filtered  from  fat,  (fee.,  and 
(evaporated.  This  final  residue  gave  all  the  reactions  of  col- 
jchicine.  In  medico-legal  researches,  it  must  be  remembered  that 
I colchicine  is  absorbed  but  slowly,  a not  insignificant  portion 
(remaining  in  the  bowels,  and  being  excreted  with  the  faeces. 

! The  quantitative  estimation  of  colchicine  may  be  made  gravi- 
metrically  by  evapoi-ating  to  diyness  its  solution  in  chloroform  ; 
or,  with  certain  precautions,  pharmaceutical  products  may  be 
titrated  with  Mayer’s  reagent.  For  the  precipitation  by  the 
latter  to  be  complete,  it  is  absolutely  necessary  to  acidify  with 
sulphuric  acid,  and  to  do  so  in  a proper  proportion,  and  with  tln^ 
liquid  to  be  tested  of  a certain  concentration.  Dragendortf 
recommends  one  part  of  colchicine  in  GOO,  to  contain  7 to  10  per 
cent,  of  dilute  sulphuric  acid.  Wine,  tincture,  and  vinegar  of 
colchicum  require  eva{)oration  to  dryness,  extraction  with  water, 
■ind  lastly,  the  addition  of  the  sulphuric  acid.  1 cc.  of  Mayer’s 
l eagent  = ‘0317  grm.  of  colchicine. 
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XIV.— BIBIEINE. 


§ 102.  Bibirine  (also  named  Buxin,  Pelosin,  Beheria)  is  a 
-alkaloid  found  in  the  hai-k  of  the  Buxus  semjyervirens,  tlie  Xectu. 
dra  Bodicei,  Schomb.,  the  root  of  tlie  Pareira  hrava,  and  the  bark  <s 
tlie  Cissampelos  pareira. 

The  general  principles  of  extraction  are  : treatment  with  acidi) 
lated  water,  neutralisation  with  lime,  and  to  the  filtered  soli 
tion  the  addition  of  ammonia,  which  throws  down  an  impuii 
bibirine.  The  alkaloid  is  afterwards  purified  by  the  ordinal, 
^methods. 

Pareira  bark  is  said  to  be  used  occasional!}''  for  the  purpo.se  ( 
bittering  beer;  and  in  such  cases,  provided  sufficient  beer  I 
taken,  the  separation  of  bibirine  may  be  possible,  but  the  pc 
centage  of  the  alkaloid  found  in  the  bark  is  very  small.  Fliickjg(| 
only  isolated  -5  per  cent. ; the  root  contains  more,  viz.,  from 
to  5 per  cent.  [Wiggers.) 

I’ure  bibirine  (C^gU.2iN03)  is  a white,  light,  amorphous  powder 
becoming  electric  by  rubbing  at  100“C. ; it  loses  8'2  per  cent,  c 
water,  corresponding  to  one  and  a half  HoO  ; at  about  145°  t 
148°C.  it  melts.  Its  taste  is  bitter,  and  it  has  a strong  alkalim 
reaction  ; it  is  very  little  soluble  in  cold  or  hot  water  (6600  part- 
cold,  1500  to  1800  parts  boiling),  requires  five  parts  of  absolutf 
•alcohol  and  thirteen  parts  of  ether  for  solution,  and  dissolvel 
easily  in  chloroform,  acetoii,  amyl  alcohol,  benzole,  and  bisull 
phide  of  carbon. 

Bibirine  unites  with  acids,  but  forms  unci’ystallisable  com 
pounds  only.  The  sul])hate  is  found  in  commerce,  and  is  used  tcj 
a small  extent  in  medicine  ; it  occurs  in  dai’k-bi'own,  thin,  traiisi 
lucent  scales,  yellow  when  powdered,  and  having  a strong  bitten, 
taste. 

Solutions  of  the  salts,  such  as  the  acetate,  give  white  amor- 
phous precipitates  with  phosphate  of  soda,  nitrate  of  potash,  nitric^ 
acid,  iodide  of  potash,  mercuric  potassic  iodide,  and  corrosive  suh-l 
limate.  The  jilatinocyanurate  of  potash  gives  a precipitate, 
which  after  a little  time  becomes  crystalline.  Chlorides  of  gold  amU 
platinum,  ferro  and  ferridcyanides  of  potash,  sulphocyanide  ofr 
potash,  and  picric  acid,  all  give  coloured  precipitates.  Phosplio-i 
molybdic  acid,  in  a strong  acid  solution,  gives  a yellowish  preci- 
pitate, which  dissolves  in  an  aqueous  solution  of  ammonia  with 
j>roduction  of  a blue  colour. 
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XV. -LABURNUM. 


§ 103.  The  laburnum  tree,  Cytisus  laburnum,  so  common  in 
shrubberies,  is  intensely  poisonous.  The  flowers,  bark,  wood, 
seeds,  and  the  root  have  all  caused  very  serious  symptoms.*  The 
unly  active  principle  hitherto  discovered  is  an  alkaloid  termed 
which  may  be  extracted  from  the  plant  by  water  acidu- 
lated with  sulphuric  acid,  neutralisatioai  with  lime,  subsequent 
treatment  of  the  filtrate  with  acetate  of  lead,  and  precipitation  by 
tannic  acid.  To  obtain  the  alkaloid  pure,  it  is  finally  crystallised 
as  a nitrate. 

§ 104.  Cytisin,  CooH^^NgO,  is  in  white  radiating  crystals,  of  a 
bitter,  weakly  caustic  taste,  and  without  odour.  It  has  a strong 
alkaline  reaction,  is  soluble  in  every  proportion  in  water,  and  is 
also  vei’y  soluble  in  spirit.  It  scarcely  dissolves  in  anhydrous 
ether,  chloroform,  benzole,  and  bisulphide  of  carbon.  It  may  be 
sublimed  at  154’5°C.  in  hydi’Ogen,  in  the  form  of  very  long 
needles  and  small  leaflets.;  at  higher  temperatures  it  melts  to  a 
yellow  oily  fluid,  again  becoming  crystalline  on  cooling.  Cytisin 
is  one  of  the  strongest  bases  existing  in  plants;  it  j>recipitates  the 
earths  and  oxides  of  the  heavy  metals  from  solutions  of  the 
chlorides,  and  even  in  the  cold  expels  ammonia  from  its  com- 
binations. 

The  nitrate  of  cytisin  (C^QlI.^^NgO^NHOg -f  2HoO)  forms  large, 
thick,  transparent  monoclinic  prisms,  losing  the  water  of  crystal- 
lisation at  100°  to  110°,  and  becoming  opaque  ; it  has  an  acid  reac- 
tion. It  is  insoluble  in  ethei-,  and  almost  so  in  absolute  alcohol.; 
but  soluble  in  water  and  weak  spirit.  The  rest  of  the  salts  are 
easily  decomposed.  A hydi-ochlorate  (C<,qIL,7N304HC1  4- 3II.jO), 
a platinum  salt  of  an  orange-yellow  colour  (C^(,II27N302I1C1, 
2PtCl.i),  a gold  salt,  at  first  yellow  and  flocculent,  but  later 
changing  into  needles  (C2oH27^3^^HCl,2AuOl3),  a mercury  salt 
(C.,QH.,,N304IIgCl),  and  many  others  can  be  obtained. 

Concentrated  sulphuric  acid  dissolves  cytisin  without  colour.; 
if  to  the  solution  is  added  a droj)  of  nitric  acid,  it  becomes  orange 
yellow,  and  on  addition  of  a crystal  of  potassic  bichromate,  fir.st 
yellow,  then  dirty  brown,  and  lastly  green.  Concentrated  nitric; 
acid  dissolves  the  base  in  the  cold  without  colour,  but  on  warm- 
ing it  becomes  orange-yellow.  Picric,  tannic,  and  phosphomolybdic 

* The  symptoms  indueecl  by  all  parts  of  the  plant,  save  the  root,  are  those 
of  an  irritant  poison.  Un  the  other  hand  (in  a case  lately  detailed  by  Dr. 
^’allance,  Brit.  Med.  Journ.)  fifty-eight  boys  in  an  industrial  school,  who 
liad  chewed  the  root  of  an  old  laburnum  tree,  all  showed  narcotic  symptoms, 
with  unequally  dilated  pupils  ; hence  we  may  infer  the  existence  of  a dilfereut 
substaiice  in  the  root. 
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acids,  potass,  mercuric  and  potass,  cadmium  iodides,  and  iodine 
with  iodide  of  potash,  all  give  precipitates.  The  carbonates  oft 
the  alkalies,  the  caustic  alkalies,  and  chlorine  water,  with  chro- 
mate of  potash,  give  no  precipitate.* 

Fatal  Dose. — 1 to  3 centigrammes  (-15  to  *46  grain)  act  fatally 
in  dogs  and  cats.f  Persian  insect  powder  is  said  to  be  prepared! 
from  laburnum. 


XVI.  OXALIC  ACID,  BINOXALATE  OF  POTASH,  &c. 

§ 105.  Oxalic  acid  and  binoxalate  of  potash,  from  their  exten- 
sive use  in  the  arts  and  their  cheapness,;|;  frequentl}'’  come  undo)' 
the  notice  of  the  analyst  as  poisons. 

Oxalic  Acid,  H.,C2642H20  (90  + 3G);  specific  gravity,  1'64; 
(anhydrous,  CgHgOJ,  occurs  in  commerce  in  prismatic  ci’ystals, 
very  similar  to,  and  liable  to  be  mistaken  for,  either  magncsic 
or  zincic  sulphates.  The  crystals  are  intensely  acid,  easily 
soluble  in  water  (one  part  requiring  at  14-5°C.  10'46  parts  of 
water),  soluble  also  in  2^  parts  of  cold,  and  readily  in  boiling  ' 
alcohol. 

An  aqueous  solution,  if  kept  at  100°C.,  loses  acid  ; furthei', 
the  subliming  temperature  is  below  100*^0.  ; consequently,  all 
heating  or  evaporating  operations  must  not  be  allowed  to 
exceed  98°C.,  or  there  will  be  some  loss.  At  100°C.  the  sub- 
limation is  very  slow,  but  rapid  and  complete  at  150°C., 
especially  if  aided  by  a current  of  air.  The  best  way  to  obtain 
the  anhydride  pure  for  analytical  purposes  is  to  put  a sufiicioit 
quantity  of  the  acid  in  a strong  fiask,  clamp  it  (by  means  of  a 
caoutchouc  cork,  drc.)  to  a Sprengel  ])ump,  and  sublime  in 
vacuo  ; in  this  way  a sufficient  quantity  may  be  rapidly  sub- 
limed at  100“  to  110°C. 

The  effect  of  heat  is  first  to  drive  off  water,  then,  if  continued 
up  to  about  190°C.,  there  is  decomposition  into  carbonic  oxide, 
dioxide,  water,  and  formic  acid,  the  two  reactions  occurring 
simultaneously : — 

C2H204  = C0.,+  C()4H,0 

C2H204-C0:2-eCil20.2.' 

Heated  with  oil  of  vitriol  to  llO^C.,  the  following  decomposition 
takes  place : — 

H2C2O4  = H.,0  f CO^  4 CO. 

* Huseroann,  Die  Pflanzenstnffe,  p.  07. 

t W.  Marme',  Jahnsher.  d.  Natur.  Gvsdl.  (iraub  (1SC9),  xiv.  219. 

t The  }iresent  price  of  oxalic  acid  ia  5d.  j‘C*r  Ib. 
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§ lOG,  107.]  OXALIC  ACID,  BINOXALATE  OF  POTASH. 

Oxalic  acid  decomposes  floor  spar,  the  phosphates  of  iron,  silver, 
zinc,  copper,  and  the  arseniates  of  iron,  silver,  and  copper.  It 
may  be  used  to  separate  the  sulphides  of  iron  and  manganese 
from  the  sulphides  of  zinc,  cadmium,  uranium,  cobalt,  mercury, 
and  copper — dissolving  the  former,  not  the  latter.  Many  minerals 
and  other  substances  are  also  attacked  by  this  acid. 

If  a solution  of  oxalic  acid  in  water  is  boiled  with  ammonio 
or  sodio  terchloride  of  gold  (avoiding  direct  exposure  to  light) 
tlie  gold  is  precipitated — 

2AUCI3  + 3U^C.p^  = 6CO2  + 6HC1  + Au^. 

When  black  oxide  of  manganese  (free  from  carbonate)  is  mixed 
Avith  an  oxalate,  and  treated  with  dilute  sulphuric  acid,  the 
oxalic  acid  is  decomposed,  and  carbon  dioxide  evolved — 

MnO.  + H2C2O4  + II2SO,  = MnSO^  + 2K,0  + 2C0.2- 

A similar  reaction  occurs  with  permanganate  of  potash. 

If  to  a solution  of  oxalic  acid  (which  may  be  neutralised  by  an 
alkali,  or  may  contain  free  acetic  acid),  a solution  of  acetate  of 
lime  be  added,  oxalate  of  lime  is  thrown  down.  This  salt,  impor- 
tant in  an  analytical  point  of  view,  it  will  be  Avell  to  describe. 

§ 106.  Oxalate  of  Lime  (CaC204H20),  one  part=  1*0678  crystal- 
lised oxalic  acid,  or  *7457  of  CgO^.  This  is  the  salt  which  the 
analyst  obtains  for  the  quantitative  estimation  of  lime  or  oxalic 
acid  ; it  is  not  identical  with  that  occurring  in  the  vegetable 
kingdom,  the  latter  containing  SHgO.  Oxalate  of  lime  cannot 
be  precipitated  for  quantitative  purposes  from  solutions  con- 
taining chromium,  aluminium,  or  ferric  iron,  since  somewhat 
soluble  salts  are  foi'ined.  It  dissolves  in  solutions  of  magnesium 
and  manganese,*  and  citmte  of  soda,  and  is  also  decomposed  by 
boiling  with  solutions  of  copper,  silver,  lead,  cadmium,  zinc, 
nickel,  cobalt,  strontium,  or  barium.  It  is  insoluble  in  solu- 
tions of  chlorides  of  the  alkalies  and  alkaline  earths,  and  in 
water,  in  alkaline  solutions,  or  in  acetic  acid  ; and  is  soluble  in 
mineral  acid  only  when  the  acid  is  strong  and  in  considerable 
excess.  It  is  unalterable  in  the  air,  and  at  100°C.  When 
carefully  and  sloAvly  ignited  it  may  be  wholly  converted  into 
carbonate  of  lime  ; if  the  heat  is  not  properly  managed  (that  is, 
if  excessive),  caustic  lime  may  be  formed  in  greater  or  smaller 
<piantity. 

§ 107.  Use  in  the  Arts. — Oxalic  acid  is  chiefly  used  by  dyers 
and  calico-printers,  but  also  by  curriers  and  harness-makers  for 
cleaning  leather,  by  marble  masons  for  removing  iron  stains,  by 

* But  it  is  reprecipitated  unaltered  by  excess  of  alkaline  oxalate. 
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workers  in  straw  for  bleaching ; and  it  is  a])plied  to  varioui 
household  purposes,  such  as  the  whitening  of  boards,  the  remov. 
ing  of  iron  mould  from  linen,  (fee.  The  binoxalate  of  potash  ii 
used  for  scouring  metals,  and  for  removing  ink  stains  from  linen: 

§ 108.  Fatal  Dose. — The  smallest  dose  of  oxalic  acid  known  tu 
have  destroyed  life  is,  according  to  Dr.  Tayloi',  60  grains  (3'8f;l 
grins.);  but  recovery  has  taken  place,  on  prompt  administration  oi 
remedies,  after  eight  times  this  quantity  had  been  .swallowed. 

With  regard  to  oxalate  of  soda,  or  binoxalate  of  potash,  hall 
an  ounce  (14'2  grms.)  has  been  taken  without  fatal  result,, 
although  the  symptoms  were  very  serious ; and  it  may  be  held 
that  about  that  quantity  would  usually  cause  death.  Oxalio 
acid  is  not  used  in  medicine. 

§ 109.  Binoxalate  of  Potash,  KHC204(Ho0),  has  been  mistaken 
for  cream  of  tartar,  and  in  this  way  caused  death.  When, 
heated  in  platinum  foil,  it  leaves  carbonate  of  potash,  which  may 
be  recognised  by  the  usual  tests.  On  solution  it  is  acid  in  re-- 
action,  and  it  gives  a precipitate  of  oxalate  of  lime  with  a solution 
of  the  sulphate  or  acetate  of  lime;  it  is  insoluble  in  alcohol.. 
The  above  reactions  are  quite  sufficient  to  distinguish  it  from 
oxalic  acid. 

§ 110.  Oxalic  Acid  in%  the  Yegetahle  and  Animal  Kingdoms. — 
Oxalic  acid  is  very  widely  distributed,  both  in  the  free  state  and 
in  combination  with  bases,  through  the  vegetable  kingdom.  In 
combination  with  potash  it  is  found  in  the  Geranium  acetosum,  L., 
BjAnacia  oleracce.,  .L.,  Phytolacca  decandra,  L.,  liheuni  jiahnatHW., 
L.,  Rumex  acetos,  Atropa  belladonna,,  and  several  others;  in 
combination  with  soda,  in  different  s])ecies  of  Salsola  and 
Salicornia ; and  in  combination  with  lime,  in  most  plants, 
esi)ecially  in  the  roots  and  bark.  Many  lichens  contain  h.alf 
their  weight  of  oxalate  of  lime ; and  oxalic  acid,  either  free  or 
combined  (according  to  the  observations  of  Hamlet  and  Flow'- 
right*),  is  present  in  all  mature,  non-microscopic  fungi. 
Oxalate  of  lime  may  be  frequently  seen  by  the  aid  of  the 
microscope  in  the  cells  of  plants.  According  to  Schmidt,t  this 
crystallisation  only  takes  jilace  in  the  fully  mature  cell,  for  in 
actively-growing  cells  the  oxalate  of  lime  is  entirely  dissolved 
by  the  albumen  of  the  plant. 

In  the  animal  kingdom,  oxalic  acid  has  only  been  found  com- 
bined with  lime  ; the  allontoic  liquor  of  the  cow,  the  urine  ot 
man,  swine,  horses,  and  cats,;];  may  be  mentioned  as  fluids  in 
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* Chem.  News,  vol.  xxxvj.  93. 
t Ann.  Chem.  Pharm.,  Ixi.  297. 

J Oxalic  acid  is  said  to  be  always  present  in  the  intestinal  contents  of  the 
caterjnllar. 
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which  oxiilate  of  lime  is  nearly  always  present.  With  regard  to- 
human  mine,  the  presence  or  absence  of  oxalate  of  lime  greatly 
depends  upon  the  diet,  and  also  upon  the  individual,  some  persons 
almost  invariably  secreting  oxalates, whatever  the  food  may  be. 

§ 111.  Oxalic  Acid  as  a Poison. — Oxalic  acid  destroys  life  with 
great  rapidity,  if  given  in  large  doses  ; the  acid  oxala-te  of  potash, 
tlie  oxalate  of  soda,  and,  in  fact,  so  far  as  is  known,  all  soluble 
oxalates  are  poisonous.  Should  the  oxalate  of  soda,  a neutral,, 
tasteless  salt,  be  given  for  a long  time  in  moderate  doses,  it 
would  jirobably  cause  death,  and  there  would  be  great  difficulty 
in  obtaining  satisfactory  evidence  by  chemical  means. ^ 

In  all  chemico-legal  investigations  the  question  will  be-  asked 
of  the  analyst,  whether  or  not  the  oxalic  acid  found  could  Vje 
naturally  introduced  in  articles  of  food,  such  as  sorrel,  rhubarb, 
vegetables,  &c.  The  answer  to  tliis  will  partly  depend  upon  the 
quantity  found,  and  the  history  of  the  particular  case,  whilst  the 
diagnosis  of  poisoning  by  oxalic  acid,  or  an  oxalate,  must  turn 
in  great  part  ujion  the  pathological  changes  after  death,  and  the 
symptoms  during  life.  As  a rule,  it  will  be  found  that — no 
matter  how  corroded  the  state  of  the  stomach — if  the  gullet 
should  be  healthy,  oxalic  acid  will  not  be  pi'esent,  for,  in  nearly 
all  recorded  cases,  the  mucous  membrane  of  the  gullet  has  been 
more  or  less  extensively  destroyed  or  changed.  The  same 
remark  ap})lies  to  salt  of  sorrel  (binoxalate  of  potash)v  On 
the  other  hand,  when  the  fatal  dose  has  been  small,  or  a 
succession  of  small  doses  has  brought  about  a fatal  result,  the 
gullet  may  be  jierfectly  normal,  and  this  valuable  indication 
thus  wanting.  It  will  then  be  necessary  to  examine  the  blood 
by  the  S{)ectroscope ; for  in  Eulenberg’s  experiments  the  blood 
of  the  animals  poisoned  invariably  gave  the  spectrum  of  acid 
Itematin. 

The  urine,  if  possible,  should  also  be  examined  for  oxalates, 
since  it  is  certain  that  if  oxalic  a,cid  (free  or  in  combination)  is 
taken  into  the  system,  the  main,  perhaps  the  only,  channel  of 
excretion  is  through  the  kidnevs. 

The  external  a))plication  of  oxalic  acid  does  not  appear  to 
cause  illness;  Avorkmen  engaged  in  trades  requiring  the  constant 

* Mohr  says  ver}'-  truly — “Oxalic  acid  is  the  more  danjrerous,  because  its 
neutral  alkali  salts  (especially  oxalate  of  soda)  are  colourless  and  tasteless  ; 
in  a mixture  of  lluids  the  whiteness  of  the  latter  would  disappear,  and  it 
would  gradually  dissolve.  The  action  of  small  doses  is  cumulative.  The 
skilled  "poisoners,  Bocarm6,  Dr.  I’almer,  la  Pommerais,  Dr,  Trumpi,  gave 
themselves  great  trouble  to  render  difficult  the  discovery  of  poison  by  the 
expert,  in  using  nicotine,  strychnine,  and  digitalis,  whilst  oxalate  of  soda.  a. 
poison  at  once  more  difficult  to  discover  and  easier  to  administer,  was  at 
hand.” — “ Chemische  Toxicologie,”  p.  107. 


oGO  A MANUAL  OF  PKACTICAL  CHEMISTRY.  [§  1 ; 

use  of  the  acid  often  have  the  nails  white,  opaque,  and  brittl 
birt  no  direct  injury  to  licalth  is  on  record. 

Eulenberg  has  experimented  by  pigeons  on  the  action  of  oxai 
acid  when  breathed.  In  one  of  liis  experiments,  *75  grm.  oft 
acid  was  volatilised  into  a glass  shade,  in  which  a pigeon  h: 
been  placed;  after  this  had  been  done  five  timos  in  two  minuti 
tliere  was  uneasiness,  Sliaking  of  the  head,  and  cough,  wi- 
increased  mucous  secretion  of  the  nasal  membi’ane.  On  cc 
tinning  the  ti’ansmission  of  the  vapour,  after  eight  minutes  the; 
was  again  restlessness,  shaking  of  the  head,  and  cough ; aft 
eleven  minutes  the  bird  fell,  and  was  convulsed.  On  discc 
tinning  the  sublimation  it  got  up,  and  moved  freely,  but  show 
respiratory  irritation.  On  the  second  day  after  the  experimer 
it  was  observed  that  the  bird’s  note  was  Iioarse,  on  the  four* 
day  there  was  slowness  of  tlie  heart’s  action  and  refusal  of  foo 
and  on  the  sixth  day  the  bird  was  found  dead.  Exaniinatii 
after  death  showed  slight  injection  of  the  cerebral  membranei 
the  cellular  tissue  in  the  neighbourhood  of  the  trachea  contain 
in  certain  places  extravasations  of  blood,  varying  from  the  si» 
of  a ])ea  to  that  of  a penny;  the  mucous  membrane  of  the  laryr 
and  trachea  was  swollen  and  covei’ed  with  a thick  croupo' 
layer;  the  lungs  were  partially  hepatised,  and  the  pleu. 
thiokened;  the  crop  as  well  as  the  true  intestines  still  containa 
some  food.'* 

§ 112.  Separation  from  Organic  Matters,  ttc. — When  oxalf 
acid  has  been  taken  into  the  stomach,  it  will  invariably  be  foun 
])artly  in  combination  with  lime,  soda,  ammonia,  ttc.,  and  partlr 
free;  or  if  such  antidotes  as  chalk  have  been  administered,  it  ma  , 
be  wholly  combined.  Vomiting  is  nearly  always  present,  an 
valuable  evidence  of  oxalic  acid  may  be  obtained  from  stains  o 
sheets,  carpets,  &c.  In  a recent  case  of  probably  suicidal  poisoi 
ing,  the  writer  found  no  oxalic  acid  in  the  contents  of  tlw 
stomach,  but  some  was  detected  in  the  copious  vomit  which  lau 
stained  the  bedclothes.  The  urine  also  contained  a great  exccfi- 
of  oxalate  of  lime — a circumstance  of  little  value  taken  by  itset 
but  confirmatory  with  other  evidence.  If  a liquid  is  strong!, 
acid,  oxalic  acid  may  be  separated  by  -dialysis  from  orgaiii: 
matters,  and  the  clear  fluid  thus  obtained  precipitated  by  su 
phate  of  lime,  the  oxalate  of  lime  being  identified  by  its  mierct 
scopic  form  and  its  other  characters. t 

The  usual  general  meth-od  for  the  separation  of  oxalic  acii 
from  organic  substauces  or  mixtures  is  the  following: — Extraci 

* Eulenberg,  “ (fewerlxi  Hygitne,”  p.  423. 

+ Occasionally  the  solubility  of  oxalic  acid  iu  alcohol  may  be  takei* 
advantage  of. 
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with  boiling  water,  filter  (which  in  some  cases  must  be  difficult 
or  even  impossible),  and  then  precipitate  with  acetate  of  lead. 
The  lead  precipitate  may  contain,  besides  oxalate  of  lead,  phos- 
phate, chloride,  sulphate,  and  various  organic  substances  and 
acids.  This  is  to  be  decomposed  by  sulphuretted  hydrogen,  and 
in  filtering  off  the  sulphide  of  lead,  oxalic  acid  is  to  be  tested  for 
in  the  filtrate.  This  process,  however,  can  only  be  adopted  with 
advantage  in  a few  cases,  and  is  by  no  means  to  be  recommended 
as  generally  applicable.  The  best  general  method,  and  one  which 
ensures  the  separation  of  oxalic  acid,  whether  present  as  a free 
acid,  as  an  alkaline,  or  a calcic  oxalate,  is  perha])s  the  following: 

. — The  substance  or  fluid  under  examination  is  digested  with 
hydrochloric  acid  until  a fluid  capable  of  filtration  is  obtained; 
the  free  acid  is  neutralised  by  ammonia  in  very  slight  excess, 
and  permitted  to  deposit,  and  the  fluid  is  then  carefully  decanted, 
and  the  deposit  thrown  on  a filter.  The  filtrate  is  added  to  the 
decanted  fluid,  and  precipitated  with  a slight  excess  of  acetate  of 
lime,  this  precipitate,  like  the  first,  being  collected  on  a filter. 
The  first  precipitate  contains  all  the  oxalic  acid  which  was  in 
combination  with  lime;  the  second,  all  that  which  was  in  the 
fVee  condition.  Both  precipitates  should  be  washed  with  acetic 
acid. 

The  next  stey)  is  to  identify  the  yirecipitate,  which  is  suy^posed 
to  be  oxalate  of  lime.  The  yu'eeipitate  is  washed  into  a beaker, 
and  dissolved  with  the  aid  of  heat  by  adding,  dx'oy:)  by  drop,  yxure 
hydrochloric  acid  ; it  is  then  rey)reciy)itated  by  ammonia,  and 
allowed  to  subside  comyxletely,  which  may  take  some  time.  The 
supernatant  fluid  is  decanted,  and  the  yxrecipitate  washed  by 
subsidence;  it  is  lastly  dried  over  the  water-bath  in  a fared 
jwcelain  dish,  and  its  weight  taken.  The  substance  is  then 
identified  by  testing  the  dried  yxowder  as  follows : — 

(a.)  It  is  whitish  in  colour,  and  on  ignition  in  a platinum 
di.sh  leaves  a grey  carbonate  of  lime.  All  other  organic  salts  of 
lime — viz.,  citrate,  tartrate,  &c. — on  ignition  become  coal-black. 

{b.)  A portion  suspended  in  water,  to  which  is  added  some 
sulphuric  acid,  destroy's  the  colour  of  permanganate  of  potash  — 

2KMn04  + SCaHoO^  SH.SO^ 

= K2SO4  + 2MnSO^  -e  SCaSO/-*-  «H.,0 

I reaction  by  which,  as  is  well  known,  oxalic  acid  or  an  oxalate  may^ 
•e  conveniently  titrated.  This  reaction  is  so  peculiar  to  oxalic 
icid,  that  there  is  no  substance  with  which  it  can  be  confounded, 
't  is  true  that  uric  acid  in  an  acid  solution  equally  decolorises 
permanganate,  but  it  does  so  in  a diflerent  way;  the  reaction 
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l)et\veeii  oxalic  acid  and  permanganate  being  at  first  slow,  at 
afterwards  rapid,  while  the  reaction  with  uric  acid  is  just  1 
reverse — at  first  quick,  and  towards  the  end  of  the  proc: 
extremely  slow. 

(c.)  A portion  placed  in  a test-tube,  and  warmed  with  c 
centi'ated  sulphuric  acid,  develops  on  warming  carbonic  ox: 
and  carbonic  dioxide;  the  presence  of  the  latter  is  easily  sho' 
by  adapting  a cork  and  bent  tube  to  the  test-tube,  and  leadi. 
the  evolved  gases  through  b?«ryta  water. 

§ 113.  Oxalate  of  Lime  in  the  Urine. — This  well-known  urinri 
sediment  occurs  chiefly  as  octahedra,  but  hour-glass,  contracted; 
dumb-bell-like  bodies,  compound  octahedra,  and  small,  flatten' 
bright  discs,  not  iinlike  blood  discs,  are  frequently  seen, 
may  be  usually  identified  under  the  field  of  the  microscope 
its  insolubility  in  acetic  acid,  whilst  the  ammonio  mag.  phosphai 
as  well  as  the  carbonate  of  lime,  are  both  soluble  in  that  act 
From  urates  it  is  distinguished  by  its  insolubility  in  warm  watt  i 
A chemical  method  of  separation  is  as  follows: — The  deposit! 
freed  by  subsidence  as  much  as  possible  from  uidne,  washed  wi 
hot  watex’,  and  then  dissolved  in  hydrochloinc  acid  and  filterei 
to  the  filtrate  ammonia  is  added  in  excess.  The  precipitate  nii 
contain  phosphates  of  iron,  magnesia',  lime,  and  oxalate  of  liixi 
On  treatment  of  the  piecipitate  by  acetic  acid,  the  ])hosphates> 
the  alkaline  eai'ths  (if  present)  dissolve,  the  insolixble  jxoi’ti, 
will  be  either  phosphate  of  ii’on,  or  oxalate  of  lime,  or  boi 
On  igniting  the  residue  in  a platinum  dish,  any  oxalate  will 
chaixged  to  carbonate,  and  the  cai'bouate  of  lime  may  be  titi’ati 
with  d.  n.  HCl  acid  and  cochineal'  solution,  and  fi’om  the  data  tlij 
obtained  the  oxalate  estimated.  The  iron  can  be  tested  quix» 
tatively  in  the  acid  sobition  by  ferrocyanide  of  potash,  or 
can  be  determined  by  the  ordinary  methods.  If  the  qualitati, 
detection  of  oxalate  of  lime  in  the  deposit  is  aloxie  requii’ed,  it 
quite  sufficient  evidence  should  the  poi'tioix  insoluble  in  acet* 
acid,  on  ignition  in  a platinum  dish,  give  a residue  effervescii 
on  the  addition  of  aix  acid. 

§ 114.  Estimation  of  Oxalic  Acid. — Oxalic  acid  is  estimated 
the  free  state  by  dii’ect  weighing,  or  by  titi’ation  either  wi 
alkali  or  by  potassic  ]xermauganate,  the  latter  being  standardisd 
by  oxalic  acid.  If  (as  is  commonly  the  case)  oxalic  acid  is  pn 
cipitated  as  oxalate  of  lime,  the  oxalate  may  be — 

(a.)  Di'ied  at  100°C.  and  weighed  directly,  having  the  pv 
])ei*ties  already  described. 

(6.)  Titi’ated  with  dilute  sulphuric  acid  and  permanganate. 

(c.)  Ignited,  and  the  I'esulting  cai’bonate  of  lime  weighed; 
dissolved  in  standard  acid  and  titrated  back — one  part  of  calc) 
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carbonate  corresponds  to  1‘26  part  of  crystallised  oxalic  acid,  or 
88  part  of  ; similarly,  1 cc.  of  standard  acid  equals  50  of 
calcic  carbonate  (or  63  of  crystallised  oxalic  acid). 

(d.)  The  oxalate  may  be  dissolved  in  the  smallest  possible 
amount  of  hydrochloric  acid,  and  boiled  with  ammonio  chloride 
nfgold,  avoiding  exposure  to  light;  every  part  of  gold  precipitated 
’on'esponds  to  -957  part  of  crystallised  oxalic  acid,  or  -4456 
k tart  of  oxalic  acid. 

(e.)  The  oxalate  may  be  placed  in  Geissler’s  cai-bonic  acid 
}•  pparatus,  with  pei’oxide  of  manganese  and  diluted  sulphuric 
cid.  The  weight  of  the  gas  which  at  the  end  of  the  operation 
M AS  escaped,  will  have  a definite  relation  to  that  of  the  oxalate, 
‘ nd  if  multiplied  by  1-4318  will  give  the  amount  of  crystallised 
i xalic  acid. 

i 


PART  IV. 
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ANIMAL  POISONS:  CANTHAKIDES  — PUTRIK 
ANIMAL  MATTERS  — COBRA  VENOM. 


§ 115.  Commercial  cantliarides  is  either  the  dried  entire, 
the  dried  and  powdered  blister  beetle,  or  Spanish  fly  {Cantha 
vusicatorid).  The  most  common  appearance  is  that  of  a greyi 
brown  powder,  containing  shining  green  particles,  from  whi 
cantharidine  is  readily  extracted  by  exhausting  with  chlorofoi 
driving  off  the  chloroform  by  distillation  or  evaporation,  a 
subsequently  treating  the  e.xtract  with  bisulphide  of  carbr 
which  dissolves  the  fatty  matters  only.  Finally,  the  cantha* 
dine  may  be  recrystallised  from  chloroform;  the  yield  beij 
about  4 per  cent. 

§110.  Cantharidine  (C5HJ2O2)  has  two  cry.stalline  forms — ( 
Right-angled  four-sided  columns  with  four  surfaces,  each  surf: 
l)eing  beset  with  needles;  and,  (2.)  flat  tables.  100  parts 
alcohol  (99  per  cent.)  dissolve  at  18°C.  0T25  part;  100 
bisulphide  of  carbon,  at  the  same  temperature,  0‘06  pa- 
ether,  T1  pai’t ; chloi-oform,  L2  part;  and  benzine,  ‘2  pa« 
it  is  almo.st  completely  insoluble  in  water’.  Cantharidine  ( 
be  completely  sublimed,  if  placed  in  the  subliming  cell  (descrih 
at  p.  284),  floating  on  mercury ; a scant}^  sublimate  of  crysti 
may  be  obtained  at  so  low  a tempei'ature  as  82’5°C. ; at  85°^ 
ami  aVjove,  the  sublimation  is  rapid.  If  the  cantharidinei 
SLiddeirly  heated  it  melts,  but  this  is  not  the  case  if  the  temper 
ture  is  raised  gradually.  Chromate  of  potash  with  sulphui 
acid  decomposes  cantharidine  with  the  production  of  the  gro 
oxide  of  chromium.  An  alkaline  solution  of  permanganatei 
])otash,  iodic  acid,  and  sodium  amalgam,  are  all  without  influeri 
on  an  alcoholic  solution  of  cantharidine. 

§ 117.  Pharmaceutical  Preparations  of  Cantliarides. — The  Pj 
preparations  of  cantliarides  are — Acetum  cantliarides,  or 
of  cantharides,  containing  about  ’04  per  cent,  of  cantharidine 
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Tincture  of  cantharides,  containing  about  ‘005  per  cent,  of 
lantharidine ; 

A solution  of  cantharides  for  blistering  purposes,  Liquor  epis- 
)08ticus,  a strong  solution  of  the  active  principle  in  ether  an<l 
cetic  acid,  containing  about  ‘IG  per  cent,  of  cantharidine. 

There  are  also — An  ointment ; a blistering  paper,  Charta  epis- 
atica;  a blistering  plaster,  Emplastrurn  cantharides  ; and  a warm 
laster,  Emplastribm  calefaciens. 

§ 118.  Fatal  Dose. — It  is  difficult  to  state  the  fatal  dose  of 
antharidine,  the  unassayed  powder  or  tincture  having  mostly 
een  taken.  A young  woman  died  from  1‘62  grm.  (25  grains)  of 
lie  powder,  which  is  perhaps  equivalent  to  6 A mgrms.  (1  grain) 
f cantharidine,  whilst  the  smallest  dose  of  the  tincture  known 
) have  been  fatal  is  (according  to  Taylor)  an  ounce.  This 

Iould  be  generally  equivalent  to  15  mgrms.  (•24  grain).  Hence 
le  fatal  close  of  cantharidine  may  be  approximately  stated  as 
om  6 mgrms.  upwards.  But,  on  the  other  hand,  recovery  has 
I Aen  ])lace  from  very  lai’ge  doses. 

§ 119,  2'ests  for  Cantharidine,  and  its  Detection  in  the  Tissues, 
c. — The  tests  for  cantharidine  are — (1.)  Its  form,  (2.)  its  action 
the  subliming  cell,  and,  (3.)  its  power  of  raising  a blister. 

The  most  convenient  method  of  testing  its  vesicating  propev- 
es,  is  to  allow  a chloroforraic  solution  of  the  substance  supposed 
be  cantharidine  to  evaporate  to  dryness,  to  add  to  this  a drop 
olive  oil  (or  almond  oil),  and  to  take  the  drop  up  on  the 
lallest  possible  quantity  of  cotton  wool,  and  apply  the  wool  to 
e inside  of  the  arm,  covering  it  with  good  oilskin,  and  stra]>- 
ng  the  whole  on  by  the  aid  of  sticking-plaster.  In  about  an 
)ur  or  more  the  effect  is  examined.  The  thin  skin  of  the  li}>s 
far  more  easily  blistered  than  that  of  the  arm,  but  the  apydica- 
)n  there  is  inconvenient. 

DragendorfF  has  ascertained  that  cantharidine  is  not  present 
the  contents  of  a blister  raised  by  a cantliarides  plaster, 
hongh  it  has  been  found  in  the  urine  of  a person  treated  by 
e ; and  Pettenkoffer  has  also  discovered  cantharidine  in  the 
lod  of  a boy  to  whose  spine  a blister  had  been  applied. 

The  great  insolubility  of  cantharidine  in  water  has  led  to 
rious  hyj)otheses  as  to  its  absorption  into  the  system.  Dra- 
ndorff  considers  it  as  the  anhydride  of  an  acid,  which  is 
erably  easily  dissolved  by  potash,  soda,  and  ammonia  solution, 
d is  also  taken  \ip  in  small  proportion  by  sul])huric,  phosphoric, 
d lactic  acids.  The  resulting  compounds  quickly  difi*use  them- 
ves  through  animal  membranes.  Even  the  salts,  with  lime, 
ignesia,  alumina,  and  the  heavy  metals,  are  not  quite  insoluble, 
solution  of  salt  with  cantharidine,  put  in  a dialysing  apparatus, 
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separates  in  twenty-four  hours  enough  cantharidine  to  rais* 
blister. 

Cantharidine  has  actually  been  discovered  in  the  heart,  brr 


HS  in  the  blood  and  urine)  of  animals  poisoned  by  the  substan 
xV  urine  containing  cantharidine  is  alkaline  and  albumina 
Cantharidine,  althougli  readily  decomposed  by  chemical  agei* 
is  so  permanent  in  the  body  that  it  has  been  detected  in 
corpse  of  a cat  eighty-four  days  after  death. 

In  any  forensic  case,  the  defence  will  not  improbably  be 
up  that  some  animal  a fowl  poisoned  by  cantharides)  ’ 
been  eaten  and  caused  the  toxic  symptoms,  for  cantharides  is| 
interesting  example  of  a substance  which,  for  certain  aniuii 
(such  as  rabbits,  dogs,  eats,  and  ducks),  is  a strong  pois- 
whilst  in  others  hedgehogs,  fowls,  turkeys,  and  frog 

although  absorbed  and  excreted,  it  appeal's  inert.  Experima 
has  shown  that  a cat  may  be  readily  poisoned  by  a fowl  saturai 
with  cantharides ; and  in  Algeria  the  military  surgeons  m 
with  cystitis  among  the  soldiers,  caused  by  eating  frogs  in  i 
months  of  May  and  June,  the  frogs  living  in  these  months  aim 
exclusively  on  a species  of  cantharides. 

Dragendorff  recommends  the  following  process  : — The 
])ul[)ed  substance  is  boiled  in  a porcelain  dish  with  potash- 
(1  part  of  potash  and  12  to  18  of  water)  until  the  Hiiid  is  o: 
uniform  consistence.  The  fluid,  after  cooling,  is  (if  necessai 
diluted  with  an  equal  bulk  of  water,  for  it  must  not  be  too  thi(i 
then  shaken  with  chloroform  in  order  to  remove  impurities;  aj 
alter  separation  of  the  chloroform,  strongly  acidilied  with  s: 
})huric  acid,  and  mixed  with  about  four  times  its  volume  - 
alcohol  of  DO  to  95  per  cent.  The  mixture  is  kept  for  some  tin 
at  a boiling  temperature,  filtered  hot,  and  the  alcohol  distill 
from  the  filtrate.  The  watery  fluid  is  now  again  treated  w:j 
cliloroform,  as  above  described.  The  chloroform  extract  is  waslii 
with  w'ater,  the  residue  taken  up  on  some  hot  almond  oil,  and  ' 
blistering  properties  investigated.  The  mass,  heated  with  pota 
in  the  above  way,  can  also  be  submitted  to  dialysi.s,  the  dih 
sate  supersaturated  with  sulphuric  acid,  and  shaken  up  wi 
chloroform. 

In  order  to  test  further  for  cantharidine,  it  can  be  dissolved* 
the  least  possible  potash  or  soda-lye.  The  solution,  on  evapon 
tion  in  the  water-bath,  leaves  crystals  of  a salt  not  easily  solidl 
in  alcohol,  and  the  watery  solution  of  which  gives,  with  chlori* 
ot  calcium  and  baryta,  a white  precijiitate  ; with  sulphate  - 
copper  and  sulphate  of  ])rotoxide  of  nickel,  a green  ; with  coha» 
ous  sulphate,  a red ; with  sugar  of  lead,  mercury  chloride,  ai( 


muscles,  contents  of  the  stomach,  intestines,  and  feces  (as 
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argentic  nitrate,  a white  crystalline  precipitate.  With  palladium 
chloride  there  occurs  a yellow,  hair-like  crystalline  precipitate  ; 
later  crystals  are  isomorphous  with  nickel  and  copper  salts. 

If  the  tincture  of  cantharides  has  been  used  in  considerable 
quantity,  the  urine  may  be  examined  ; in  such  a case  there  will 
collect  on  the  surhxce  drops  of  a green  oil,  which  may  be  extractetl 
by  petroleum  ether  ; this  oil  is  not  blister-raising.  Cantharidine 
in  powder  may,  of  course,  be  detected  by  its  appeai'ance. 

To  the  question  whether  the  method  proposed  would  extract 
any  other  blister-producing  substance,  the  answer  is  negative, 
since  ethereal  oil  of  mustard  would  be  decomposed,  and  the 
active  constituents  of  the  Euphorbias  do  not  withstand  the  treat- 
ment with  KHO.  Oils  of  anemone  and  anernonin  are  dissolved 
by  KHO,  and  again  separated  out  of  their  solutions,  but  their 
blistering  pro{»erty  is  destroyed.  They  are  volatile,  and  found 
in  anemone  and  some  of  the  Ranunculaeece.  In  t\\^Aqua  pulsatilla 
there  is  an  oil  of  anemone,  which  may  be  obtained  by  shaking 
with  ether;  but  this  oil  is  not  permanent,  and  if  the  Aqua  pul- 
mtilla  stand  for  a little  time,  it  splits  up  into  anemonic  acid  and 
anernonin,  and  then  cannot  be  re-obtained.  A blistering  sub- 
stance, obtained  from  the  Anacardia  orientalia  and  tlie  fruit  of 
the  Aivxcardluvi  occidenlale  and  Semecarpus  anacardium,  is  not 
(uite  destroyed  by  a short  action  with  potash,  but  is  by  one  of 
ong  duration ; this  substance,  however,  cannot  be  confused 
with  cantharidine,  for  it  is  oily,  yellow,  easily  soluble  in  alcohol 
uid  ether,  and  differs  in  other  respects. 


II. -PUTRID  ANIMAL  AND  OTHER  MATTERS. 

§ 120.  Cases  of  poisoning  from  time  to  time  occur  in  which 
lie  active  agent  producing  the  symptoms  is  highly  obscure — e.<j., 
he  death,  recorded  by  Crzaut,*  of  thirty-two  pei'sons  from  eating 
he  putrid  brains  of  a walrus,  the  now  numerous  instances  of 
ausage-poisoning,  and  the  curious  case  which  recently  occurred 
t Barnsley  from  eating  a bread  pudding.y  In  a few  in.stances 
■ is  possible  that  some  well-known  poison  may  have  been  present, 
ut  escaped  detection  through  error  in  the  process  employed  ; 

* “ History  of  Greenland.” 

+ Eight  persons  partook  of  a bread  pudding,  two  of  whom  died  with 
arcotico-irritant -cymptoms  of  poisoning,  and  all  were  ill.  Mr.  Allen,  after 
prolonged  and  careful  examination  of  the  remnant  of  the  pudding  and 
-her  matters,  was  unable  to  detect  any  known  poison ; although  he  af)pears 
' liave  isolated  some  substance  allied  to  Ergot.  The  case  is  detailetl  in  the 
nalj/st,  Nov.,  187S. 
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for  when  there  is  no  cine,  it  is  not  always  a simple  matter 
frame  a method  so  entirely  satisfactory  that  it  shall  infallih 
detect  every  probable  poison ; in  others  it  would  seem  a feasibi 
explanation,  that  an  unknown  poison  was  developed  during  tb 
process  of  putrefaction. 

We  know  now  that  at  least  three  substances  giving  the  rear 
tions  of  alkaloids  have  been  separated  from  decomposing  anim 
matter — (1.)  A non-crystalline  alkaloid,  discovered  by  Selniii 
which  yields  a violet-red  colour  with  sulphuric  acid;  (2.)  a simil: 
(perhaps  identical)  substance,  separated  by  Schwaneryt  fro 
decomposing  human  livers,  spleens,  etc.,  by  the  Stas-Otto  procef- 
the  ultimate  extraction  being  by  ether  acting  on  an  alkalii 
solution;  and  (3.)  Rbrsch  and  Fassbender;};  describe  an  analogow 
product  from  livers^  spleens,  and  kidneys,  but  obtained  from  a 
acid  liquid. 

In  a third  class  of  cases,  again,  it  is  possible  that  the  food  w* 
really  the  bearer  of  a zymotic  poison,  which  woiild,  of  cours* 
escape  detection  by  any  chemical  or  other  means  of  investigatia 
known.  Thus  in  India,  in  1871,  a dinner  of  r-ice  distincti 
])ropa gated  cholera  to  seventy-three  cases. § Recent  investigj 
tions  also  on  summer  diari’hoea||  in  this  country  have  shown  i 
extremely  contagious  character;  and  one  can  well  imagine  tla. 
if,  from  uncleanliness  or  other  cause,  any  article  of  food  shou? 
be  contaminated  by  specific  excreta,  a most  complete  imitati(.' 
of  irritant-poisoning  would  be  produced. 


i 

i 
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III.— THE  POISON  OF  THE  COBRA. 

§ 121.  The  poison  excreted  from  the  salivary  glands  of  the  cohil 
di  capello  is  the  most  deadly  animal  fluid  known.  When  fii; 
ejected,  it  is  an  amber-coloured,  rather  syrupy,  frothy  liquid,  * 
specific  gravity  1-Q46,  and  of  feeble  acid  reaction;  it  di'ies  rapidli 
on  exposure  to  air  to  a yellow  film,  which  readily  breaks  up  iuli 
brilliant  yellow  granules,  closely  imitating  ci'ystals.  The  yello. 
powder  is  very  acrid  and  pungent  to  the  nosfcills,  and  excites 
painful  (though  transitory)  infiaramation,  if  applied  to  the  raucoH 


* F.  Selmi,  Dent.  Chem.  Oes.  Ber.,  vi.  142. 

t W.  Schwanery,  ih.,  vii.,  1332;  Journ.  Chem.  Soc.,  vol.  xiii.,  18* 
p.  293. 

X Borsch  and  Fassbender,  Dent.  Chem,.  Oes.  Bericht.,  vii.  1004, 

§ See  the  author’s  “Diet,  of  Hygiene,”  Art.  Cholera,  p.  131. 

II  See  a Paper  by  Dr.  Wm.  Johnstone,  on  “ Summer  Diarrhoea,”  Lonrn 
Sept.  21  and  28,  1878.  Dr.  Johnstone,  in  his  prolonged  microscopical  invei 
tigation  of  the  excreta,  acquired  the  disease  himself  no  less  than  five  tiniest 


j 


THE  POISON  OF  THE  COBRA. 


369 


§121.] 


membrane  of  the  eye ; the  taste  is  bitter,  and  it  raises  little  blis- 
ters on  the  tongue.  It  is  perfectly  stable,  and  preserves  its 
activity  for  an  indefinite  time.  Some  at  present  in  the  writer’s 
possession,  although  two  years  old,  is  as  active  as  wdien  first 
obtained  from  the  snake.  The  dried  poison  as  described  is 
perfectly  soluble  in  water,  and  if  the  water  is  added  in  pi’oper 
proportions,  the  original  fluid  is  without  doubt  reproduced,  the 
solution  usually  depositing  a sediment  of  epithelial  debris,  and 
often  containing  little  white  shreds. 

The  poison  has  been  examined  by  several  chemists,  but  aintil 
lately  with  a negative  result.  The  writer  was,  however,  fortun- 
te  enough,  after  a prolonged  investigation,  to  isolate  a crystalline 
rinciple,  which  appears  to  be  the  sole  active  ingredient ; the 
allow  granules  were  dissolved  in  water,  the  albumen  which  the 
venom  so  copiously  contains  coagulated  by  alcohol,  and  separated 
y filtration;  the  alcohol  was  then  driven  off  at  a gentle  heat,  the 
iquid  concentrated  to  a small  bulk,  and  precipitated  with  basic 
Acetate  of  lead.  The  precipitate  was  separated,  washed,  and 
lecomposed  in  the  usual  way  by  SHg,  and  on  removing  the 
ead  sulphide,  crystals  having  a marked  acid  reaction  and  toxic 
iroperties  were  obtained.  To  this  substance  the  name  of  cohric 
idd  has  been  provisionally  applied. 

Further  details  will  be  found  in  the  writer’s  original  communi- 
ation  in  the  Analyst,  Feb.  28,  1877. 
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PART  V. 


INOEGANIC  POISONS  : 

(I.)  PRECIPITATED  FROM  A HYDROCHLORIC 
ACID  SOLUTION  BY  HYDRIC  SULPHIDE,  PRECIPITATE 
YELLOAV  OR  ORANGE: 

ARSENIC— ANTIMONY— CADMIUM. 


I.— ARSENIC. 

§ 122,  Arsenic  causes  so  many  deaths  both  in  men  and  cattle,  thr  i 
it  comes  under  the  notice  of  the  chemist  more  frequently  than  an 
other  poison.  It  will  therefore  be  necessary  to  notice  it  at  som- 
length. 

Metallic  Arsenic,  at.  wt.  75,  specific  gravity  of  solid  5 '02  to  5-9( 
sublimes  without  fusion  in  small  quantities  at  llO^'C.  (230  F.)  Gui 
It  occurs  in  commerce  in  whitish-grey,  somewhat  biittle,  crysta> 
line  masses,  and  is  obtained  by  subjecting  arsenical  pyrites  1 
sublimation  in  earthen  retorts,  the  arsenic  being  deposited  i. 
suitable  receivers  in  sheet  iron.  In  the  course  of  analysis,  hov  i 
ever,  it  is  usually  seen  as  a film  on  copper,  a stain  on  porcelait  i 
or  a metallic  ring  in  the  interior  of  glass  tubes  : the  distinctiv  , 
marks  of  these  stains  are  described  p.  385.  Metallic  arseni-  1 
whether  as  a solid*  or  as  a vapour,  is  poisonous. | 

§123.  Arsenious  Anhydride — Arsenious  Acid — -While  Arsenic-  I 
Arsenic,  As203=198;  specific  gravity  of  vapoiu',  13-85;  specif- 
gravity  of  opaque  variety,  3-fi99  ; -specific  gravity  of  transpareii 
variety,  3-7385.  Composition  in  100  parts.  As  75-75,  0 24-25j 
therefore  one  part  of  arsenic  equals  L32  of  As.^Og. 

In  analysis  it  is  obtained  in  bj-illiant  octahedral  crystals  as  j 
sublimate  on  discs  of  glass,  or  within  tubes,  the  result  of  heatiin  | 
a film  of  metallic  arsenic  with  access  of  air.  It  is  obtained  ii  I 
commerce  on  a very  large  scale  from  the  roasting  of  arsenic:i  ^ 

* Orfila. 

t Eulenberg,  “Haudbiicb  der  Ge%verbc  Hygitnc.” 
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j)jrrites.  As  thus  derived,  it  is  usually  in  the  form  of  a white 
cake,  the  arsenious  acid  existing’  in  two  forms — an  amorphous 
and  a crystalline — the  cake  being  generally  opaque  externally, 
whilst  in  the  centre  it  is  transparent.  According  to  Kruger,  this 
change  from  the  crystalline  to  the  amorphous  condition  is  depen- 
dent upon  the  absorption  of  moisture,  no  alteration  taking  place 
in  dry  air.  Both  varieties  of  arsenious  anhydride  are  acid  to 
test  paper. 

The  solubility  of 'arsenious  acid  is  often  a question  involving 
chemical  legal  matters  of  great  moment.  Unfortunately,  how- 
ever, no  precisely  definite  statement  can  be  made  on  this  point, 
the  reason  being  that  the  two  varieties  of  arsenic  occur  in  very 
difterent  proportions  in  different  samples.  Both  the  amorphous 
and  crystalline  varieties  having  very  unequal*  solubilities,  every 
experimenter  in  succession  has  given  a different  series  of  figures, 
the  only  agreement  amid  the  general  discrepancy  being  that 
arsenic  is  very  sparingly  soluble  in  water. 

The  statement  of  Taylor  may,  however,  be  accepted  as  very 
near  the  truth — viz.,  that  an  ounce  of  cold  water  dissolves  from 
half  a grain  to  a grain.  Accoi'ding  to  M.  L.  A.  Buchner,*  one  part 
of  crystalline  arsenious  acid  dissolves  after  twenty-four  hours 
digestion  in  355  parts  of  water  at  15°C. ; and  the  amorphoiis,  under 
the  same  condition,  in  108  of  water.  A boiling  solution  of  the 
■rystalline  acid,  left  to  stand  for  twenty-four  hours,  retains  one 
lart  of  acid  in  46  of  water ; a similar  solution  of  the  amorphous 
etains  one  of  arsenic  in  30  parts  of  water — i.e.,  100  parts  of  water 
lissolve  from  104  to  208  parts  of  As.203.‘ 

Boiling  water  poured  on  the  powdered  substance  retains  in 
ooling  a grain  and  a quarter  to  the  ounce ; in  other  words,  100 
-arts  of  water  retain  •j26.  .Lastly,  nrsenious  acid  boiled  in  water 
>r  an  hour  is  dissolved  in  the  proportion  of  12  grains  to  the 
unce — i.e.,  100  parts  of  water  retain  2 '5. 

§124.  Arseniuretted'' Hydrogen  Arsine,  HgAs. — Mol.  weight, 
vol.  weight,  39;  specific  gravity,  2'702;  weight  of  a litre, 
4944;  percentage  composition,  95'69  As,  4’31  H;  volumetric 
•mposition,  2 vol.  HgAs  = half  vol.  As -i- 3 vol.  H.  A colour- 
ss  inflammable  gas,  of  a foetid  alliaceous  odour,  coercible  into  a 
npid  colourless  liquid  at'  a temperature  of  from  30°C.  to‘40°C. 
le  products  of  the  combustion  of  arseniuretted  hydrogen  are 
der  and  arsenious  acid;  thus,  2H3AS -f  60  = 3H2O -f  As^Og. 
supplied  with  air  in  insufficient  quantity,  if  the  flame  itself  be 
)led  by  (for  example)  a cold  porcelain  plate,  or  if  the  gas  pass 
oough  a tube,  any  portion  of  which  is  heated  to  redness,  the 
5 is  decomposed  and  the  metal  separated.  Such  a decomposi- 

* Bull,  de  la  Societ6  Chem.  de  Paris,  t.  xx.,  10,  1873. 
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tion  may  be  compax’ed  to  the  deposit  of  carbon  from  ordina 
flames,  when  made  to  play  ujxon  a cooled  surface.  The  ^ 
burns  with  a blue-white  flame,  which  is  very  characteristic,  a 
was  first  observed  by  Wackenroder.  It  cannot,  however, 

. properly  seen  by  using  the  ordinary  apparatus  of  Marsh,  ^ 
the  flame  is  always  coloured  from  tlie  glass;  but  if  the  gas* 
made  to  stream  through  a platinum  jet,  and  then  ignited,  t 
characters  mentioned  are  very  noteworthy. 

Oxygen  or  air,  and  arseniuretted  hydrogen,  make  an  explosi 
mixture.  Chlorine  decomposes  the  gas  with  great  energy,  co 
billing  with  the  hydrogen,  and  setting  free  ai'senic  as  a broi 
cloud  ; any  excess  of  chlorine  combines  with  the  arsenic  asi 
chloride.  Sulphur,  submitted  to  arseniuretted  hydrogen,  fon 
sulphuretted  hydrogen,  whilst  first  arsenic  and  then  sulphidei 
arsenic  separate.  Phosphorus  acts  in  a similar  way.  Arse* 
uretted  and  sulphuretted  hydrogen  may  be  evolved  at  ordina 
temperatures  without  decomposition ; at  the  boiling  point 
mercury  (350°C.)  they  are  decomposed,  suljxhide  of  arsenic  a 
hydrogen  being  foi'med  ; thus,  SHgS -i- 2ASH3  = As^Sg -i- GHg, 
reaction  which  is  of  some  importance  from  a practical  point  of  vie 
Many  metals  have  also  the  property  of  decomjxosing  the  gas 
high  temperatures,  and  setting  hydrogen  free.  Metallic  oxid 
again,  in  like  manner,  combine  with  arsenic,  and  set  water  fr 
c.g.,  3CuO  + 2H3AS  — CugAsg  + SHgO. 

Arseniuretted  hydrogen  acts  on  solutions  of  the  noble  met* 
like  phosphuretted  hydrogen,  precipitating  the  noble  metal  a 
setting  free  arsenious  acid ; for  example,  nitrate  of  silver 
decomposed  thus — 


12AsNO,  + 211^  As  + 3H„0As203  + I2HNO5  + 12Ag. 


This  reaction  admits  of  valuable  practical  application  to  i 
estimation  of  arsenic;  for  the  precipitated  silver  is  perfect 
arsenic-free;  the  excess  of  nitrate  of  silver  is  easily  got  rid  of 
a chloride  of  sodium  solution,  and  the  absorption  and  decompa 
tion  of  the  gas  are  complete. 

In  cases  of  poisoning  by  arseniuretted  hydrogen,  the  blo^ 
when  examined  by  the  spectroscope  (a  process  the  analyst  shm. 
never  omit  where  it  is  possible),  is  of  a peculiar  inky  colour,  a 
the  bands  between  D and  C are  melted  together,  and  hs 
almost  vanished.  Such  blood,  exposed  to  oxygen,  remaj 
unaltered. 

§ 125.  Arseniuretted  Hydrogen  in  the  Arts,  »fec. — In  the  broj 
ing  of  brass,  in  the  desilverising  of  lead  by  zinc,  and  subsequM  1 
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§ 125.] 

treatment  of  the  silver  zinc  with  hydrochloric  acid,  in  the  tinning 
of  sheet  iron,  and  similar  processes,  either  from  the  use  of  acids 
containing  arsenic  as  an  impurity,  or  from  the  application  of 
arsenic  itself,  arseniuretted  hydrogen  is  evolved.  Of  late  years, 
moreover,  this  gas  has  been  recognised  as  a source  of  disease,  by 
being  emanated  from  wall  papers  which  had  been  strongly  im- 
pregnated with  arsenic,  the  gas  resulting  from  the  contact  of 
arsenious  acid  with  organic  matter.* * * § 

The  researches  of  Fleck,  ridiculed  by  L.  Krahiner,t  are  con- 
firmed by  Sonnenschein,^  who,  by  the  aid  of  an  aspirator,  drew 
the  air  of  a room  first  through  water,  and  then  through  a red-hot 
glass  tube,  and  obtained  a distinct  arsenical  ring.  They  are 
further  attested  by  Hamberg,§  who,  in  a similar  manner,  caused 
the  air  of  a room,  the  wall-paper  of  which  was  arsenical,  to  pass 
through  a solution  of  nitrate  of  silver,  and  obtained  in  the  solu- 
tion arsenious  acid,  together  with  some  sulphide  of  silver  ;||  very 
few  solid  particles  being  detected.  That  arseniuretted  hydrogen 
is  evolved  from  wall-papers,  excites  no  surprise  in  those  who 
have  ever  quantitatively  estimated  the  arsenic  in  various  pig- 
ments and  papers.  The  writer  analysed  a very  sober  drab- 
coloured  paper  a short  time  ago,  and  found  ai’senic  equivalent  to 
2 per  cent,  of  its  weight  of  arsenious  acid. 

Poisoning  from  arseniuretted  hydrogen^  has  been  scarcely 
described  in  English  works,  an  omission  principally  to  be 
attributed  to  want  of  material.  Two  cases  are  detailed  by 
Dr.  Valette  in  Tardieu’s  “Etude.”**  A mistake  occurred  in  a 
laboratory,  by  which  a solution  of  arsenic  (instead  of  sulphuric 
icid)  was  poured  on  zinc  to  develop  hydrogen.  Of  the  two 
mfferers,  the  one  recovered  after  an  illness  of  about  a week  or 
en  days,  the  other  died  at  the  end  of  twenty-eight  days.  The 
uain  symptoms  were  yellowness  of  skin,  vomiting,  bloody  urine, 
;reat  depi'ession,  slight  diarrhoea,  headache,  and  in  the  fatal 
ase  a morbilliform  eruption.  In  a case  recorded  in  the  British 
''fedical  Journal,  November  4,  1876,  there  were  none  of  the 

* Fleck,  Zeitschr.  filr  Biologic,  Bd.  viii.,  p.  445. 

t “ Handbiich  der  Staats  Arzneikunde,”  ii.  455. 

t Sonnenschein,  “Handbuch  der  Gerichtlichen  Cbemie.” 

§ Pharm.  Journ.  Trans.  [3],  81-83. 

II  The  unpleasant  odour  often  possessed  by  Scliweinfurt  green  papers 
•pears  to  be  due  to  the  decomposition  of  the  acetic  acid  by  moisture  and 
ould,  with  the  formation  as  a principal  product  of  propionic  acid. 

H The  discoverer  of  the  gas,  Gehlen,  died  in  eight  days  through  inhaling 
; in  order  to  discover  a daw  in  his  apparatus,  he  smelt  strongly  at  the 
ints. 

**  Ambroise  Tardieu,  “Etude  medico-16gale  sur  I’empoisonnement,’’ 
wrv. , XXV.,  p.  449. 
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usual  symptoms  of  gastric  irritation,  but  loss  of  memory  of  recen 
acts,  drowsiness,  and  giddiness.* 

§ 126.  The  Sulphides  of  Arsenic. — Of  the  sul^^hides  of  arseni 
two  only,  realgar  and  orpiment,  are  of  any  practical  importanci 
Realgar,  As2S2  = 214;  specific  gravity,  3 -356;  composition  i 
100  parts.  As  70'01,  S 29-91 ; avei’age  composition  of  commerci 
product,  As  75,  S 25.  Realgar  is  found  native  in  ruby-re 
crystals,  and  is  also  prepared  artificially  by  heating  together  9 par 
of  arsenic  and  4 of  sulphux',  or  198  parts  of  arsenious  anhydric- 
with  112  parts  of  sulphur,  2AS2O3  + 7S  = 2As2Sg  + 380.,.  It 
insoluble  in  water  and  in  hydrochloric  acid,  but  is  readily  di 
solved  by  potassic  disulphide,  by  nitric  acid,  and  by  aqua  regi; 
It  is  decomposed  by  caustic  potash,  leaving  undissolved  a brow 
sediment  (As^gS),  which  contains  96 -5  per  cent,  of  arsenic. 

§ 127.  Orpiment,  or  Arsenic  Trisulphide. — As2Sg  = 246  ; specif 
gravity,  3‘48;  composition  in  100  parts.  As  60-98,  S 39-02 
found  native  in  crystals,  presents  itself  in  the  laboratory  usual 
as  a brilliant  yellow  amorphous  powder,  on  passing  sulphurett*. 
hydrogen  through  an  acid  solution  of  arsenious  acid  or  f. 
arsenite.  It  is  very  insoluble  in  water  (about  one  in  a millioi 
Fresenius),  scarcely  soluble  in  boiling  concentrated  hydrochlon 
acid,  and  insoluble  generally  in  dilute  acids.  Red  fiimir, 
nitric  acid  dissolves  it,  converting  it  into  arsenic  and  sulphur* 
acids;  ammonia  and  other  alkaline  sulphides,  the  alkalies  then 
selves,  alkaline  carbonates,  bisulphite  of  potash,  and  aqua  regi 
all  dissolve  it  readily.  In  the  arts  it  is  used  as  King’s  yello 
(see  p.  378).  Tanners  also  formerly  employed  a mixture  of  9 
parts  of  orpiment  and  10  of  quicklime,  under  the  name 
Rusmcf,,  as  a depilatory;  but  the  alkaline  sulphides  from  gai 
works  are  replacing  this  to  a great  extent. 

§ 128.  Haloid  Arsenical  Compounds. — The  Chloride  of  Arsem 
AsCl3=18T5  ; specific  gravity,  liquid,  0°C.  3- 205;  boiling  poir. 
134*^0.  (273-2°F.),  is  a heavy,  colourless,  oily  liquid,  which  h 
been  used  as  an  escharotic  in  cancerous  affections  (princijxali 
by  quacks).  In  one  process  of  detecting  and  estimati, 
arsenic,  the  properties  of  this  substance  are  utilised  (see  p.  39<» 
It  is  immediately  decomposed  by  water  into  arsenious  and  hydi 
chloric  acids.  ' 

The  Iodide  of  Arsenic  (Asig)  is  used  occasionally  in  ski 

* See  also — Tkost  : “ Vergiftung  (lurch  Arsenwasserstoff  bei  der  tecbji 
schen  Gewinnung  des  Silbers,”  VierteJjahrsschrift  f.  Gerlc 
Med.,  xviii.,  Bd.  s.  209,  1873. 

Ghevers. — “ Manual  of  Jurisprudence  for  India,”  Appendix,  p.  833. 

Mv^rMKWS.  — Jahreshericht  der  Toxicologie,  1871,  p.  522. 

Eulenberg. — “ Handbuch  der  Gewerbe  Hygibne,”  p.  286. 
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diseases,  but  is  of  little  interest  to  the  analyst;  it  is  commonly 
seen  in  the  form  of  brick -red  brilliant  flakes. 

§ 129.  Arsenic  in  the  Arts. — The  metal  is  used  in  various 
alloys ; for  example,  speculum  metal  is  made  of  tin,  copper,  and 
a little  arsenic  ; white  copper  is  an  alloy  of  copper  and  arsenic  ; 
shot  is  composed  of  1000  parts  of  lead  mixed  with  3 of  arsenic ; 
the  common  Britannia  metal  used  for  tea-pots,  spoons,  &c.,  often 
contains  arsenic;  and  brass  is  bronzed  with  a thin  film  of  arsenic. 
It  was  formerly  much  employed  in  the  manufacture  of  glass,  but 
is  being  gradually  superseded.  It  is  also  now  used  to  some 
extent  in  the  reduction  of  indigo  blue,  and  in  that  of  nitro- 
benzole  in  the  manufacture  of  aniline. 

In  cases  of  suspected  poisoning,  therefore,  and  the  finding  of 
arsenic  in  the  stomach,  or  elsewhere,  it  may  be  set  up  as  a 
defence  that  the  arsenic  was  derived  from  shot  used  in  the 
cleansing  of  bottles,  from  the  bottles  themselves,  or  from  metal 
vessels,  such  as  tea-pots,  &c. 

, The  arsenic  in  all  these  alloys  being  extremely  insoluble,  any 
solution  to  a poisonous  extent  is  in  the  highest  degree  im- 
probable. It  may,  however,  be  necessary  to  treat  the  vessels 
with  the  fluid  or  fluids  which  have  been  supposed  to  exert  this 
prejudicial  action,  and  test  them  for  arsenic.  The  treatment 
should,  of  course,  be  of  a severe  and  exhaustive  character,  and 
the  fluids  shotild  be  allowed  to  stand  cold  in  the  vessels  for 
twenty-four  hours  ; then  the  effect  of  a gentle  heat  should  be 
studied,  and,  lastly,  that  of  boiling  temperatures.  The  analysis 
of  the  alloy  itself,  or  of  the  glass,  it  would  seldom  be  of  value  to 
undertake,  for  the  crushed  and  finely  divided  substance  is  in  a 
condition  very  different  from  that  of  the  article  when  entire,  and 
inferences  drawn  from  such  analytical  data  would  be  fallacious. 
It  does  not  matter  one  iota  to  us  that  the  vessels  out  of  wliich 
we  drink  are  made  of  metallic  arsenic,  provided  that  under  all 
Possible  domestic  conditions  the  arsenic  is  insoluble. 

Arsenious  anhydride  is  also  used  for  the  preservation  of  wood, 
Vnd  is  thrown  occasionally  into  the  holds  of  vessels  in  large 
juantities  to  prevent  vegetable  decomposition.  In  India,  again, 
> solution  of  arsenic  is  applied  to  the  walls  as  a wash,  in  order 
0 prevent  the  attacks  of  insects. 


§ 130.  Pharmaceutical,  Non-o^cinal,  and  other  Preparations 

of  Arsenic. 


(1.)  Pharmaceutical  Preparations.  — The  Liquor  ArsenicaMs 
Fowler’s  solution),  or  solution  of  arsenic  of  the  pharmacopeia,  is 
omposed  of — 
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Carbonate  of  potasli, 
Arsenioiis  acid,  . 
Lavender,  . 


80  grains  (2-78  grms. 
80  „ (2-78  „ 

5 drachms  (21*2  cc.) 


) 

) 


dissolved  in  1 pint  (567’9  cc.)  of  water ; every  ounce,  therefore 
contains  4 grains  of  arsenious  acid  (or  100  cc.  ==  ‘OAsoOg), 

The  hydrochloric  solution  of  arsenic  is  simply  arsenious  aci< 
dissolved  in  hydrochloric  acid ; its  strength  should  be  exactly  th 
same  as  that  of  Fowler’s  solution. 

A solution  of  arseniate  of  sodct'^  contains  the  anhydrous  salt  i] 
the  proportion  of  4 grains  to  the  ounce  ("9  in  100  cc.)  of  water. 

Donovan's  Solution  of  Arsenic. — This  is  not  officinal,  but  i 
used  to  some  extent  in  skin  diseases ; it  appears  to  be  a solutiok 
of  the  iodides  of  mercuiy  and  arsenic;  100  cc.  contain  about  T5: 
grm.  of  metallic  arsenic,  or  each  fluid  drachm  contains  '08 
grain. 

Arseniate  of  Iron,  FcgAsgOg,  is  an  amorphous  green  powder 
used  to  some  extent  in  medicine.  It  should  contain  33-6  pe 
cent,  of  metallic  arsenic. 

(2.)  Veterina,ry  Arsenical  Medicine. — Common  veterinary  pr(‘ 
})arations  containing  arsenic  are  : — A ball  for  worms,  containin 
in  parts  — 


» 

i 


1.^ 

4 

M( 

\ 

i 

( 


Calomel, 

Arsenious  acid,  . 
Tin  filings,  . 

V enice  turpentine, f 


1-3 

1-3 

77-9 

19-5 


per  cent. 

M 


A common  tonic  ball  : J — 


Arsenic,  . 
Aniseed,  . 
Opium, 
Treacle,  . 


5 to  10  grains  (‘324  to  ‘648  grms.) 
\ oz.  (14T744  grms.) 

30  grains  ( L94  „ ) 

q.  s. 


An  arsenical  ball,  often  given  by  grooms  to  horses  for  thi 
purpose  of  improving  their  coats,  contains  in  100  parts — 

Arsenic,  . . . . 2-5  per  cent. 

Pimento,  . . . . 19 '2  „ 

Extract  of  gentian,  . . 78-3  „ 

* The  formula  for  arseniate  of  soda  is  Na2HAs047H20,  but  it  sometime 
contains  more  water. 

t The  Venice  turpentine  is  rarely  found  in  ordinary  commerce,  what  i( 
sold  under  that  name  consisting  of  black  resin  and  oil  of  turpentine. 

I:  A similar  preparation  in  common  use  has  the  addition  of  sulphati 
of  zinc. 
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Another  ball  in  use  is  composed  of  arsenic  and  verdigris 
(acetate  of  copper),  of  each  8 grains  ('SIS  grin.);  cupric  sulphate, 
20  grains  (1‘3  grra.)  ; q.  s.  of  linseed  meal  and  treacle. 

(3.)  Rat  and  Fly  Poisons,  &c. — An  arsenical  paste  sold  for  rats 
has  the  following  composition : — 


Arsenious  acid,  . 

Lampblack, 

Wheat-flour,  . . ’ . 

Suet,  .... 

Oil  of  aniseed,  a small  quantity. 


5-8 

•6 

46-3 

46-3 


per  cent. 

y) 


Another  rat  poison  is  composed  as  follows  : — 


1 White  arsenic,  . 

1 Carbonate  of  baryta,  . 

. 46 '8  per  cent 

46-8  „ 

, Rose-pink,* 

5-8  „ 

j Oil  of  aniseed. 

•2  „ 

1 Oil  of  rhodium,  . 

•2  „ 

Various  arsenical  preparations  ai'e  used  to  kill  flies  ; the  active 
; principle  of  the  brown  papier  moure”  is  arsenious  acid.  A.  dark 
I grey  powder,  which  used  to  be  sold  under  the  name  of  fly- 
j powder,  consisted  of  metallic  arsenic  that  had  been  exposed  some 
I time  to  the  air. 

! Fly-water  is  a strong  solution  of  arsenic  of  uncertain  strength, 

I sweetened  with  sugar,  treacle,  or  honey.  Another  fly-poison 
consists  of  a mixture  of  arsenious  acid,  tefsulphide  of  arsenic, 
treacle,  and  honey. 

(4.)  Quack  nostrum, s. — The  analyst  may  meet  wdth  several 
j quack  preparations  for  external  use  in  cancer.  A celebrated 
arsenical  paste  for  this  purpose  is  composed  of — 

Arsenious  acid,  ...  8 per  cent. 

Cinnabar,  . . . .70  ,, 

Dragon’s  blood,  . . . 22  „ 

t 

i A pill,  used  by  unprofessional  persons  as  a preventive  for 
hydrophobia  (!)  is  composed  of  to  (4  to  5 "4  mgrms.)  of  a 
grain  of  arsenic  and  a grain  of  common  pepper.  A similar  pill 
is  much  used  in  the  East  Indies. 

Tlie  tasteless  “ ague  di'ops  ” used  in  the  fen  countries  ai’e 
simply  a solution  of  arsenite  of  potash. 

Davidson! s Cancer  Remedy  consists,  according  to  Dr.  Paris,  of 
equal  parts  of  arsenious  acid  and  powdered  hemlock. 

In  India,  arsenic  given  as  a medicine  by  native  practitioners, 

* Alum  and  carbonate  of  lead  coloured  with  Brazil  and  peach  woods. 
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or  administered  as  a jioison,  may  be  found  coloured  and  impure, 
from  having  been  mixed  either  with  cow’s  urine,  or  with  the 
juice  of  leaves,  &c.* 

. Arsenious  acid  is  used  by  dentists  to  destroy  the  nervous 
pulp  of  decayed  and  painful  teeth,  about  the  twenty-fifth  of  a 
grain  (2-5  mgrms.)  being  placed  in  the  cavity.  There  is  no 
record  of  - any  accident  having  resulted  from  this  practice 
hitherto ; but  since  the  dentist  seldom  weighs  the  arsenic,  it  is 
not  altogether  free  from  danger. 

(5.)  Pigments,  &c. — King's  yellow  should  be  AsgSg,  the  trisul- 
phide of  arsenic  or  orpiment.  It  is  frequently  adulterated  with 
80  to  90  per  cent,  of  arsenious  acid,  and  in  such  a case  is,  of 
course,  more  poisonous.  King’s  yellow,  if  piu’e,  yields  to  water 
nothing  which  gives  any  arsenical  reaction. 

A blue  pigment,  termed  mineral  blue,  consists  of  about  equal 
parts  of  arsenite  of  copper  and  potash,  and  should  contain  38'7 
per  cent,  of  metallic  arsenic  ( = to  5T084  AsgOgH),  and  15'6  of 
copper. 

Schweinfurt  green[^jn.  Emerald  green),  (CuAs20^)3Cn(C2H302)o, 
is  a cupric  arsenite  and  acetate,  and  should  contain  25  per  cent, 
of  copper  and  58 '4  per  cent,  of  arsenious  acid.  In  analysis  the 
copper  in  this  compound  is  readily  separated  from  the  arsenic 
by  first  oxidising  with  nitric  acid,  and  then  adding  to  the  nitric 
acid  solution  ammonia,  until  the  blue  colour  remains  undis- 
solved. At  this  point  ammonium  oxalate  is  added  in  excess,  the 
solution  is  first  acidified  by  hydrochloric  or  nitric  acid,  and, 
on  standing,  the  copper  separates  completely  (or  almost  so)  as 
oxalate,  the  arsenic  remaining  in  solution. 

Scheeles  green  (CuHAsOg)  is  a hydrocupific  arsenite,  and  con- 
tains 52‘8  per  cent,  of  arsenious  anhydi'ide  and  33 '8  per  cent,  of 
copper. 

(6.)  External  Applications  of  Arsenic  for  Sheep,  &c. — Many  of 
these  are  simply  solutions  of  arsenic,  the  solution  being  made  by 
tlie  farmer.  Most  of  the  yellow  sheep-dipping  compounds  of 
commerce  are  made  up  either  of  impure  carbonate  of  potash,  or 
of  soda  ash,  arsenic,  soft  soap,  and  sulphur.  The  French  bain 
de  tersier  is  composed  of — 


Arsenious  acid. 
Ferrous  sulphate,  . 
Peroxide  of  iron,  . 
Gentian  powder,  . 


1 ‘00  kgrms. 
10-00  „ 
0-40  „ 

0-20  „ 


This  is  to  be  added  to  100  kgrms.  of  water.  Another  common 
♦ Chever’s  “Med.  .Jurisprudence  for  India,”  ji.  116. 
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application  consists  of  alum  and  arsenic  (10  or  12  to  1),  dissolved 
in  two  or  three  hundred  parts  of  water. 

(7.)  Arsenical  Soaps,  &c. — Arsenic  is  used  in  preserving  the 
skins  of  animals.  One  of  the  compounds  for  this  purpose, 
known  under  the  name  of  Becoeur's  arsenical  soap,  has  the  follow- 
ing composition  : — - 

Camphor,  . . . . 3-4  per  cent. 

Arsenic,  ..  . . 20-2 

Carbonate  of  potash,  . . 56-2 

Lime,* . . . . . 20 ’2 


• (8.)  Arsenical  compounds  used  in  pyrotechny  ; — 

Blue  fires  — (1.)  Realgar,  . . 

Charcoal, 

Potassic  chlorate. 

Sulphur, 

Nitrate  of  baryta, 

(2.)  Sulphur, 

Nitre,  .... 
Sulphide  of  antimony, . 

„ arsenic, . . 
Charcoal,  . . . 


Parts. 

2 

3 

o 

13 

77 

40-9 

36-8 

12-3 

5 

5 


Green  fires  — Metallic  arsenic,  . . 2 

Charcoal,  ....  3 

‘ • Chlorate  of  potash,  . . 5 

Sulphur,  . . . . 13 

Nitrate  of  baryta,  . . 7 

Light  green  fire — Charcoal,  . . ...  P75 

Sulphide  of  arsenic,  . . L75 

Sulphur,  . . . . 10-50 

i Chlorate  of  potash,  . . 23-25 

I ' ■ Nitrate  of  baryta,  . . 62-50 

White  fire  — (1.)  Arsenious  acid,  . . -76 

Charcoal,  . i . • 1'63 

Sulphide  of  antimony,  . 12-27 

Nitrate  of  potash,  . . 36-59 

Sulphur,  ...  . • 48-75 

(2.)  Realgar,  . . . . 6-1 

Sulpiiur,  . . . .21-2 

Nitrate  of  potash,  . . 72-7 


• The  dust  from  the  preserved  skins  of  animals  has  caused,  at  least,  one 
case  of  poisoning.  Ann.  d'Hyg.  Pub.  et  de  Med.  Leg.,  2 ser.,  1870,  t.  xxxiii., 
p.  314.  ... 
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(9.)  Arsenical  Violet  Powder. — Public  attention  has  recently' 
been  directed  to  the  fact  that  violet  powder  has  been  found) 
adulterated  with  arsenic,  either  accidentally  or  by  design.  Two' 
deaths  from  this  cause  have  been  established  by  coroners’ 
inquests.*  Dr.  Tidy  found  the  violet  powdei's  used  in  the  two> 


cases  to  have  the  following  composition  : — 

1.  2. 

Per  cent.  Per  cent 

Arsenious  acid,  . . . 38-5  38-3 

Starch  (potato),  . . . 54'8  55-4 

Magnesia,  ifec.,  . . . 6‘7  G‘3f 


Although  the  children  were  poisoned  by  absorption  through  thet 
skin  (unless  it  is  allowed  that  some  may  have  found  its  way  in 
the  form  of  arsenical  dust  into  the  throat,  or,  what  is  still  more 
])i’obable,  that  the  infants  may  from  time  to  time  have  seized  thei 
puff-ball  and  sucked  it),  the  lai’ge  quantity  of  6'5  grains  ot 
arsenious  acid  was  separated  in  the  one  case,  and  3 grains  in  thei 
other.  In  these  cases  arose  the  question  which  is  sure  to  recur; 
in  legal  inquiries  into  poisoning  by  absorption — viz.,  whethen 
the  poison  lying  on  the  surface  and  folds  of  the  skin  could  not 
have  been  mixed  during  the  'post-mortem  examination  with  tha 
organs  of  the  body  % In  these  particular  cases  special  care 
appears  to  have  been  taken,  and  the  answer  was  satisfactory.' 
It  is  not  amiss,  however,  to  call  attention  to  the  extreme  precau- 
tions which  such  instances  necessitate. 

By  the  14th  of  Viet.  c.  12,  every  person  selling  arsenic  is 
bound  to  keep  a written  record  of  every  particular  relative  to 
each  transaction,  such  as  the  name,  abode,  and  calling  of  thei 
purchaser,  the  purpose  for  which  the  poison  is  required,  and  thei 
quantity  sold,  &c.  These  particulars  are  to  be  signed  also  by  thei 

* “ Gleanings  in  Toxicology,”  by  C.  Meymott  Tidy,  M.B.  —Lancet,  August 
21,  1878. 

t Two  recipes  were  banded  in  at  the  coroner’s  inquest  which  pretty  fairb^ 
represent  the  composition  of  commercial  violet-powder  : — 


First  Quality,  sold  at  7s.  per  gross. 

Starch  Powder,  ...... 

28  lbs. 

Magnesia,  ....... 

Hlb. 

Orris-root,  ....... 

1 lb. 

Violet  Perfume,  ...... 

1 oz. 

Essence  of  Poses,  ...... 

5 drops. 

Second  Quality,  sold  at  6s.  per  gross. 

Terra  Alba  (Suli>hate  of  Lime), 

14  lbs. 

Potato  Starch,  

21  lbs. 

Magnesia,  ....... 

3 lbs. 

Orris-root,  ....... 

1|  lb. 

Violet  Perfume,  ...... 

14  oz. 

Essence  of  Poses,  ...... 

f)  drops. 
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pux’chasev.  No  person  (sec,  2)  is  allowed  to  sell  arsenic  to  any 
one  unknown  to  the  seller,  unless  in  the  presence  of  a witness, 
whom  the  seller  is  acquainted  with.  The  arsenic  sold  (sec,  3)  is 
to  be  mixed  with  soot  or  indigo  in  the  proportion  of  half  an 
ounce  of  indigo  to  a pound  of  arsenic.  It,  therefore,  follows  that 
the  coloured  substance  should  not  contain  more  than  70  per  cent, 
of  arsenious  acid.  The  Act  applies  to  all  the  colourless  prepara- 
tions of  arsenic  : but  it  is  not  to  affect  chemists  in  making  up 
prescriptions  for  medical  men,  or  in  supplying  medical  men;  nor 
is  it  to  affect  the  wholesale  dealers  in  supplying  arsenic  to  retail 
shops,  ifec.  The  penalty  for  conviction  is  £20,  or  less.  Commer- 
cial arsenic  is  often  much  adulterated,  especially  with  gypsum, 
chalk,  &c.  These  are  most  readily  detected  by  subliming  the 
arsenic.  The  sublimed  arsenic  itself  may  not  be  entirely  pure, 
sometimes  containing  arsenical  sulphides  and  antimonious  oxide. 

§ 131.  Dose. — The  smallest  dose  of  arsenic  known  to  have 
proved  fatal  to  a hviinan  being  is  2^  grains  (16  grms.).  Farriers 
and  grooms  are  in  the  habit  of  giving  as  much  as  20  grains 
a day  to  a horse,  so  that  the  poisonous  dose  for  this  animal  must 
be  very  large.* 

The  maximum  dose  for  the  horned  cattle  appears  to  be  from 
5 to  6 grains  ; that  for  a dog  is  a quarter  of  a gi'am,  and  even  this 
may,  in  the  smaller  kinds,  cause  illness. 

The  following  may  be  considered  as  dangerous  doses  of  arsenic  : 
— 2 grains  for  an  adult,  30  for  a horse,  10  for  a cow,  and  half  a 
grain  to  a grain  for  a dog. 

§ 132.  Detection  of  Arsenic. — The  analyst  may  have  to  identify 
arsenic  in  substance,  in  solution,  in  alloys,  in  wall-papers,  in 
earth,  and  in  various  animal,  fatty,  resinous,  or  other  organic 
matters. 

Arsenious  Acid  in  Substance. — The  general  characters  of 
aftenious  acid  have  been  already  described,  and  are  themselves 
so  marked  as  to  be  unmistakable.  The  following  are  the  most 
conclusive  tests  : — 

(1.)  A small  fragment  placed  in  the  subliming  cell  (p.  284), 
and  heated  to  about  the  temperature  of  1377°C.  (286°F.),  at 
once  sublimes  in  the  form  of  an  amorphous  powder,  if  the  upper 
glass  disc  is  cool;  but  if  heated  (as  it  should  be)  to  nearly  the 
same  temperature  as  the  lower,  characteristic  crystals  are 
obtained,  remarkable  for  their  brilliance  and  permanency,  and 
almost  always  distinct  and  separate.  The  prevailing  form  is  the 
regular  octahedron,  but  the  rhombic  dodecahedron,  the  rectan- 
gular prism,  superimposed  crystals,  half  crystals,  deep  triangular 

• In  cases  of  horse-poisoning  which  have  come  under  the  writer’s  notice, 
over  30  grains  of  arsenious  acid  have  been  separated. 
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plates  like  tetrahedra,  and  irregular  and  confused  forms,  all 
occasionally  occur. 

(2.)  A beautiful  and  well-known  test  is  that  of  Berzelius: — A 
small  hard-glass  tube  is  taken,  and  the  closed  end  drawn  out  to 
the  size  of  a knitting  needle.  Within  the  extreme  point  of  thi3|i 
tine  part  is  placed  the  fragment  (which  may  be  no  more  than  a 
milligramme),  and  a splinter  of  charcoal,  fine  enough  to  enter 
freely  the  narrow  part,  as  shown  in  the  figure.  The  portion 


Fig.  17. 


of  the  tube  containing  the  charcoal  (e)  is  first  heated  until  it! 
glows,  and  then  the  extreme  end ; if  arsenic  is  present,  a 
inirroi’-like  coating  is  easily  obtained  in  the  broader  portion 
of  the  tube  (d).  That  this  coating  is  really  arsenical  can  be 
established  by  the  behaviour  of  metallic  crusts  of  ai’senic  towards 
solvents  (as  given  at  p.  385).  The  portion  of  the  tube  contain- 
ing the  crust  may  also  be  broken  up,  put  in' a very  short,  wide 
test-tube  (the  mouth  of  which  is  occupied  by  a circle  of  thin 
microscopic  glass)  and  heated,  when  the  arsenic  will  sublime  on 
to  the  glass  disc,  partly  as  a metal  and  partly  as  crystalline 
arsenious  acid. 

(3.)  Arsenious  acid,  itself  inodorous,  when  heated  on  coal, 
after  mixing  it  with  moist  oxalate  of  potash,  evolves  a peculiar 
garlic-like  odour.  To  this  test  oxide  of  antimony  adulterated 
with  arsenic  will  resj)ond,  if  there  is  only  a thousandth  part 
present.  Simply  projecting  arsenious  acid  on  either  red-hot 
charcoal  or  iron  produces  the  same  odour.  ■ ■ 

(4.)  A little  bit  of  arsenious  acid  heated  in  a matrass  with 
two  or  three  times  its  weight  of  acetate  of  potash,  evolves  the 
unsupportable  odour  of  kakodyl. 

Arserdtes  and  Arseniates^  mxxeA  with  oxalate  of  soda  and  heated 
in  a matrass,  afford  distinct  mirrors,  especially  the  arsenites  of 
the  earths  and  silver  ; those  of  copper  and  iron  are  rather  less 
distinct. 

Sulphides  of  Arsenic  are  reduced  by  any  of  the  processes  de- 
scribed at  p.  396. 

In  Solution.— kn  acid  solution  of  arsenious  acid  gives,  when 
treated  with  SHg,  a canaiy-yellow  precipitate,  soluble  in  am- 
monia, carbonate  of  amnlonia,  and  bisulphite  of  potash  (see  p. 
374),  and  also  a metallic  Sublimate  when  heated  in  a tube  with 
the  reducing  agents  in  th'e  manner  described  at  p.  397.  By 
these  properties  the  sulphide  is  distinguished  and,  indeed, 
separated  from  antimony,  tin,  and  cadmium.  ‘ 
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i The  sulphides  of  tin  and  cadmium  are  certainly  also  yellow, 
I but  the  latter  is  quite  insoluble  in  ammonia,  while  the  former 
j ^ives  no  metallic  sublimate  when  heated  with  reducing  sub- 
I stances. 

i The  sulphide  of  antimony,  again,  is  orange,  and  quite  insoluble 

ij  ill  potassic  bisulphite,  and  scarcely  dissolves  in  ammonia. 

1 A small  piece  of  sodium  amalgam  placed  in  a test-tube  or  flask 
|i|  containing  an  arsenic-holding  liquid,  produces  in  a short  time 
arseniuretted  hydrogen,  which  will  blacken  a piece  of  paper 
I I soaked  in  nitrate  of  silver,  and  inserted  in  the  mouth  of  the  flask, 
i i — (Z)r.  Ed.  Davy.)  This  is  certainly  the  most  convenient  test 
j|  ! for  arsenic.  If  the  liquid  be  previously  made  alkaline,  no  anti- 

31  moniuretted  hydrogen  (stibine)  is  given  ofi*. 

1 Marsh’s  Original  Test  for  Arsenic  consisted  in  evolving  nascent 
^ ! iiydrogen  by  zinc  and  sulphuric  acid,  and  then  adding  the  liquid 
4 ; to  be  tested.  The  apparatus  for  Marsh’s  test,  in  its  simplest 
I i form,  consists  of  a flask  provided  with  a cork  conveying  two 
^ 1 tubes,  one  a funnel  reaching  nearly  to  the  bottom  of  the  flask, 
I I the  other  a delivery  tube,  which  is  of  some  length,  is  provided 
i I with  a chloride  of  calcium  bulb,*  and  towards  the  end  is  turned 


up  at 


right 


angles,  the  end 


being 


narrowed.  By  evolving 


I ( 


hydrogen  from  zinc  and  sulphuric  acid,  and  then  adding  portions 
of  the  liquid  through  the  funnel,  arseniuretted  hydrogen  in  a 
Iry  state  is  driven  along  the  leading  tube,  can  be  ignited  on  its 
issue,  and  on  depressing  a piece  of  cold  porcelain,  a dark  metallic 
spot  of  arsenic  is  obtained. t Or,  if  any  portion  of  the  tube  be 
made  red-hot,  the  metal  is  deposited  in  the  same  way  as  a ring. 
The  apparatus  admits  of  much  com])lication  and  variety.  One 
of  the  most  useful  additions  is,  perhaps,  the  interposition  of  a 
small  gasometer.  This  consists  of  a cylindrical  glass  vessel  with 
entrance  and  exit  tubes,  open  at  the  bottom,  immersed  in  water 
in  a larger  vessel,  and  counterpoised  by  weights  and  rollers, 
exactly  like  the  large  gasometers  used  at  gasworks ; the  exit 
tube  must  have  a stopcock,  and  the  gas  must  pass  through  sul- 
phuric acid  in  order  to  dry  it  thoroughly. 

M.  Blondlot  has  observed^  that  if  pure  zinc,  a weak  solution 


i 

a 

f 

t 

1 

1 


* Otto  recommends  the  first  half  of  the  drjnng  tube  connected  with 
the  development  flask  to  be  filled  with  caustic  potash,  the  latter  half  with 
chloride  of  calcium  {Avsmittelung  der  Gi/te).  Dragendorlf  approves  of  this, 
l>ut  remarks  that  it  should  be  used  when  arsenic  alone  is  searched  for,  since 
caustic  potash  decomposes  stibine.  The  potash  fixes  SH2,  and  prevents 
the  formation  of  chloride  of  arsenic, 
t For  identification  of  arsenical  films,  see  p.  385. 

X Blondlot : “Transformation  de  I’arsenic  en  hydrure  solide  par  I’hydro- 
^ime  naissant  sous  I’influence  des  comiios^s  nitreux.”— ifowr.  de  Pharm.  et  de 
’him.,  3e  ser.,  t.  xliv.,  p.  486. 
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of  arsenious  acid,  and  a sulphuric  acid  containing  nitric  acid  oi 
nitrous  compounds,  be  mixed  together,  the  arsenic  passes  intc 
a solid  hydrate,  which  is  dejiosited  on  the  surface  of  the  zinc| 
Certain  organic  substances  (such  as  sugar,  gum,  &c.)  preven 
this  formation  of  solid  hydrate.  Thus,  in  two  ways,  the  analyse  * 
may  be  deceived — under  the  above  conditions,  the  zinc  may  b( 
arsenical,  and  yet  pure  hydi’ogen  be  evolved  until  the  very 
moment  in  which  the  liquid  to  be  tested  is  added ; or,  on  thr 
other  hand,  if  the  liquid  to  be  tested  and  the  acid  itself  contaii  , 
nitrous  compounds,  no  arsenic  may  come  off,  although  arseni< 
be  actually  present.  The  formation  of  the  solid  hydrate  in  thtr 
original  testing  may  always  be  prevented  by  the  addition  of  i i 
little  pure  cane  sugar;  but  in  ojierating  on  liquids  of  unknowi  , 
composition,  Blondlot’s  observation  shows  clearly,  that  if  nc 
result  is  obtained  from  Marsh’s  test  as  ordinarily  applied,  arseni  ^ 
may  yet  be  present.  This  objection  does  not  hold  good  in  th  i 
evolution  of  hydrogen  by  galvanism,  noi',  so  far  as  is  known  I 
when  sodium  amalgam  is  used. 

The  precautions  to  be  observed  in  Marsh’s  test  are — 


1.  Absolute  freedom  of  the  reagents  used  from  arsenic,  anti 
mony,*  and  other  impurities. 

2.  The  sulphuric  acid  should  be  diluted  with  five  times  iti 
weight  of  water,  and  if  freshly  px-epared  should  be  cooled  before 
use.  Stx’ong  acid  must  not  be  employed.f 

3.  The  fluid  to  be  tested  shoxxld  be  poui’ed  in  little  by  little. 

4.  Nitrous  compoixnds,  nitric  acid,  hydrochloric  acid,  chloridea 
are  all  moi'e  or  less  pi-ejudicial. 

5.  The  gas  should  come  off  I'egularly  in  not  too  strong  : 
stream,  nor  out  of  too  small  an  opening. 

6.  The  gas  should  pass  through  the  red-hot  tube  at  least  on. 
houi’,  if  no  stain  is  at  once  detected. 

7.  A little  pure  bichloride  of  platinum  solution  may  be  added* 
without  injury,  to  the  zinc  if  the  gas  comes  off  too  slowly.J 


I 


The  characteristics  of  the  metallic  stains  which  may  occu 
either  on  glass  or  porcelain  in  the  use  of  Marsh’s  test,  may  b 
noted  as  under  : — 


• ( 


♦ With  regard  to  purity  of  reagents,  Sonnenschein  states  that  he  has  oncj  j 
found  chlorate  of  potash  contaminated  with  arsenic.  — Sonnenschem|  \ 

Ge.richt,  Chcmie,  p.  139.  , • 1.4. 

f M.  A.  Gautier  uses  sulphuric  acid  diluted  with  live  times  its  weight  t 
water ; when  the  hydrogen  has  displaced  the  air,  he  adds  to  the  arsenical 
matter  45  grms.  of  this  acid  and  5 grms.  of  pure  sulphuric  acid.  BuU.  (I 
la  SocHtS  (Jhim.  de  Paris,  1875,  t.  xxiv.  j 

t A solution  of  sulphate  of  copper  has  been  recommended ; according  tj  ^ 
Gautier,  two-thirds  of  the  arsenic  in  such  a case  are  retained. 
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Mirror  or  Crust  of 
Arsenic 


Mirror  or  Crust  of 
Antimony 


Is  deposited  at  a little  dis- 
tance from  the  flame. 

An  arsenical  stain  is  in  two 
portions,  the  one  brownish,  the 
other  a glittering  black. 

On  heating,  it  is  rapidly- 
volatilised  as  arsenious  acid. 

On  transmission  of  a stream 
of  SHg,  whilst  immediately  be- 
hind the  stain  a gentle  heat  is 
applied,  the  arsenic  is  changed 
to  yellow  sulphide;*  if  dry 
CIH  is  now  transmitted,  the 
arsenical  sulphide  is  unchanged. 

Chloride  of  lime  dissolves  the 
arsenic  completely. 

Protochloride  of  tin  has  no 
action  on  metallic  arsenic. 

The  arsenic  stain,  dissolved 
in  aqua  regia,  or  CIH  and 
chlorate  of  potash,  and  then 
treated  with  tartaric  acid,  am- 
monia, and  magnesia  mixture, 
gives  a precipitate  of  ammonia 
magnesian  arseniate.f 


Is  deposited  close  to  the 
flame,  and  on  both  sides  of  it, 
and  is  therefore  notched. 

The  stain  is  tolerably  homo- 
geneous, and  usually  has  a tin- 
like lustre. 

V olatilisation  very  slow  ; no 
crystalline  sublimate  obtain- 
able. 

The  same  process  applied  in 
the  case  of  antimony  produces 
the  orange  or  black  sulphide ; 
and  on  passing  dry  CIH,  chlo- 
ride of  antimony  volatilises 
without  the  application  of  heat. 

Antimony  not  afiected. 

Dissolves  slowly  but  com- 
pletely the  antimony  stain. 

No  precipitate  with  anti- 
mony. 


ReimcKs  Test  is  a simple  electrolytic  method  of  depositing 
arsenic  on  copper  : — A piece  of  pure  bright  copper  foil  or  gauze  is 


* It  is  desirable  to  dissolve  away  the  free  sulphur  often  deposited  with  the 
arsenical  sulphide  by  bisulphide  of  carbon. 

+ Schonbein  has  proposed  ozone  as  an  oxidiser  of  arsenical  stains.  The 
mbstauce  containing  the  stain,  together  with  a piece  of  moist  phosphorus, 
3 placed  under  a shade,  and  left  there  for  some  time ; the  oxidisation 
•roduct  is,  of  course,  coloured  yellow  by  SHj  if  it  is  arsenious  acid,  orange 
f antimony.  The  vapour  of  iodine  colours  metallic  arsenic  pale  yellow,  and 
later  a brownish  hue ; on  exposure  to  the  air  it  loses  its  colour.  Iodine,  on 
ihe  other  hand,  gives  with  antimony  a carmelite  brown,  changing  to 


irange. 

O 


An  arsenical  ring  may  be  also  treated  as  follows : — Precipitated  zinc 
ulphide  is  made  into  a paste  with  a little  water,  and  introduced  into  the 
md  of  the  tube  ; the  same  end  is  then  plunged  into  dilute  sulphuric  acid, 
nd  the  ring  heated,  when  the  arsenical  sulphide  will  be  produced. 
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attached  to  a platinum  wire,  and  the  copper  immersed  in  the 
liquid  to  be  tested,  which  is  then  boiled.  The  liquid  must  be> 
distinctly  acid,  and  should  be  contained  in  a flask,  the  mouth  ot 
which  is  conveniently  partially  closed  by  a funnel,  the  free  end  of 
the  wire  reaching  well  out  of  the  flask,  so  that  the  copper  may  bet 
from  time  to  time  examined.  The  boiling  in  very  dilute  solutionst 
should  be  prolonged,  but  it  need  not  be  violent — a gentle  simmer- 1 
ing  is  all  that  is  required.  The  copper,  if  a veiy  minute  quantity; 
of  arsenic  is  present,  will  have  a greyish  stain  upon  it ; withi 
larger  quantities  a somewhat  glistening  black-lead  appearance  is 
])roduced.  Mercury,  sulphur,  selenium,  and  antimony,  all  stain 
copper. 

On  heating  the  stained  copper  in  the  subliming  cell  (p.  284) 
or  in  a tube,  if  mercury  is  present  it  will  sublime  in  microscopici 
globules.  Sulphide  of  copper  can  be  rubbed  off  with  the  flngers.r 
but  the  ai’senical  stain,  on  the  contrary,  is  a true  alloy,  consisting,; 
according  to  Lippert,*  of  one  atom  of  arsenic  and  five  of  copper.; 
The  arsenical  stain,  again,  dissolves  in  caustic  ammonia;  thei 
sulphide  of  copper  does  not  do  so.  The  arsenical  stain  also 
dissolves  in  a mixture  of  equal  parts  of  water  and  HCl  with 
development  of  hydrogen,  an  action  which  does  not  take  ^ilace. 
with  sulphide  of  copper. 

The  arsenical  stain,  when  heated  in  the  tube  or  cell,  gives  a 
crystalline  sublimate  of  arsenious  acid  ; while  the  antimonial 
stain  is  much  bluer,  and  gives  no  ciystalline  sublimate.  More- 
over, the  antimony  can  readily  be  converted  into  antimoniate  ol 
})otash,  by  warming  the  copper  in  water  made  alkaline  by  potash, 
and  first  reddened  by  potassic  permanganate;  heated  in  this  way 
it,  of  course,  dissolves  ; and  on  filtering  off  the  manganese, 
acidifying  with  IICl,  and  testing  with  SH.^,  the  orange  sulphida 
is  obtained. 

Some  of  the  foregoing  tests  may  be  applied  if  there  is  sufiicienl- 
material,  but  if  not,  it  is  better  at  once  to  pass  to  Bloxam’si 
method  (p.  390),  which  will  give  positive  results  without  inter; 
fering  with  subsequent  tests. 

§ 133.  Arsenic  in  Organic  Matters. — Animal  mattervS  are  deah 
with  as  described  (pp.  244,  398),  and  saccharine  substances,  such 
as  treacle,  in  the  same  way.  Resinous  matters  may  be  first 
extracted  by  alcohol,  and  the  residue  dissolved  in  boiling  watei 
containing  hydrochloric  acid,  condensing  the  steam  by  a verticaj* 
condenser;  the  alcoholic  solution  may  be  tested  by  electrolysis,! 
'to  see  whether  any  arsenic  has  been  dissolved,  and  if  thifi 
is  the  case,  it  may  be  freed  from  the  resin  by  the  addition  ol 
water  and  filtration. 


* Journ./.  Pract.  Chemie^  13,  €8,  p.  168. 
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From  ordinary  pills,  quack  extracts,  and  similar  preparations, 
drying,  powdering,  and  exhaustion  with  boiling  dilute  HCl,  will 
remove  the  whole  of  the  arsenic,  if  in  a soluble  state ; if  not, 
aqua  regia  must  be  employed. 

Oils  and  matters  consisting  almost  entirely  of  fat,  suspected 
of  containing  arsenic,  are  gently  heated,  and  allowed  to  deposit 
any  insoluble  matter  they  may  contain  ; the  oil  is  then  decanted, 
and,  if  necessary,  filtered  from  any  deposit ; saponified  by 
alcoholic  potash,  the  soap  decomposed  by  HCl,  the  fatty  acids 
sepai’ated  as  described  (p.  74),  and  the  arsenic  looked  for  both 
in  the  first  deposit  and  in  the  solution,  now  fairly  free  from  fat 
and  easy  to  treat. 

In  searching  for  arsenic  in  the  fluids  or  tissues  of  the  body, 
the  analyst  is  generally  at  the  mercy  of  the  pathologist,  and 
sometimes  the  work  of  the  chemist  leads  to  a negative  result, 
solely  from  not  having  the  proper  organs  sent  to  him.* 

In  all  cases  the  chemist  should  have  portions  of  the  brain, 
spinal  cord,  livei-,  lungs,  and  muscular  tissue,  as  well  as  the 
stomach  and  its  contents.! 

We  have  very  decided  evidence  that  where  investigation  is  made 
for  the  absorbed  metal,  search  should  preferably  be  directed  to 
the  nervous  tissue,  the  amount  (according  to  the  experiments  of 
Scolosuboff):|;  being  generally  greatest  in  the  marrow,  then  in  the 
brain,  next  in  the  liver,  and  least  in  the  muscles.  The  following 
may  be  taken  as  a fairly  accurate  statement  of  the  relative  pro- 
portion in  which  arsenic  is  likely  to  be  found  in  the  body,  100 
grins,  being  taken  of  each  : — 


With  regard  to  the  preliminary  treatment  of  the  stomach  and 
liuids  submitted  to  the  analyst,  the  careful  noting  of  apjiearances, 
the  decantation,  washing,  and  examination  (microscopical  and 
chemical)  of  any  deposit,  are  precautions  so  obviously  dictated  by 

* For  example,  in  cases  of  poisoning  by  external  application,  more  than 
once  merely  the  empty  stomach  and  a piece  of  intestine  have  been  forwarded 
to  the  writer. 

+ Caspar  recently  found  arsenic  in  the  hair  of  an  exhumed  corpse.  The 
possibility  of  this  has  been  often  denied,  but  it  may  now  be  looked  upon  as 
a very  rare,  though  occasional  occurrence. —Caspar’s  “Gerichtliche  Medi- 
cin,”  Bd.  ii.  4,  25. 

t Bull.  Soc.  Chim.  [2],  xxiv.  124. 


Spinal  Marrow,  . 
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common  sense,  that  they  need  only  be  alluded  to  in  passing.  Of 
some  considerable  moment  is  the  question  which  may  be  put  to 
the  analyst  in  court,  in  reference  to  the  possible  entrance  oh 
arsenic  into  the  body,  while  living,  by  accidental  and,  so  to  speak,.- 
subtle  means.  Such  are  the  inhaling  of  the  fumes  from  the. 
burning  of  arsenical  candles,*  and  of  emanations  from  papers 
(see  p.  373),+  as  well  as  the  possible  entrance  of  arsenic  into 
the  body  after  death  from  various  sources,  such  as  arsenical 
earth,  ctc.;{; 

The  arguments  which  are  likelv  to  be  used  in  favour  of  a \ 
corpse  having  become  arsenical  may  be  gathered  from  a case.  | 
related  by  Sonnenschein  : — Certain  bodies  were,  exhumed  in  two- 
churchyards  ; the  evidence  went  to  show  that  they  had  been 
])oisoned  by  arsenic,  and  this  substance  was  actually  found  in  thei  ( 
bodies,  while  at  the  same  time  it  was  discovered  to  exist  also  in 
traces  in  the  earth  of  the  churchyard.  The  theory  for  the  defencci 
was,  that  although  the  arsenic  in  the  earth  was  in  an  insoluble, 
state,  yet  that  it  might  combine  with  lime  as  an  arsenite  of 
lime ; this  arsenite  would  become  soluble  by  the  action  of  car-' 
bonic  acid  set  free  by  vegetation,  and  filter  down  to  the  corpse. 
Sonnenschein  suspended  a quantity  of  this  earth  in  water,  and 
passed  COj  through  it  for  twelve  hours ; on  filtering,  the  liquid 
gave  no  evidence  of  arsenic.  A similar  result  was  obtained 
when  an  artificial  mixture  of  1 grm.  of  arsenious  acid  and  1 pound 
of  earth  were  submitted  to  the  same  process. 

The  fact  would  appear  to  stand  thus  ; oxide  of  iron  in  ordinary 
earth  retains  arsenic,  and  requires  treatment  with  a concentrated 
acid  to  dissolve  it.  It  therefore  follows,  that  if  a defence  of  arseni- 
cal earth  is  likely  to  be  set  up,  and  the  analyst  finds  that  by  merei 
extraction  of  the  tissvies  by  water  he  can  detect  arsenic,  thei 
defence  is  in  all  probability  unsound.  The  expert  should  ot 


* See  a case  of  poisoning  (non-fatal)  of  a lady  by  the  use  of  arsenicaU 
caudles,  Med.  Times  and  Gazette,  iii.,  1876,  467. 

t To  solve  this  question,  it  has  been  at  times  considered  necessary  to 
analyse  an  extraordinary  number  of  things.  In  the  “ affaire  Danval  ” (Journ.  ■ 
d' Hygiene,  2e  ser.,  No.  108,  July,  1878),  more  than  sixty  different  articles,  r 
comprising  drugs,  drinks,  perfumes,  bed-curtains,  wall-paper,  and  other, 
matters,  were  submitted  to  the  experts. 

J The  following  important  case  is  related  by  Sonnenschein  : — 

Nicholas  Nobel  and  his  wife  Jerome  were  buried  two  metres  from  each, 
other  in  the  churchyard  at  Spinal,  the  earth  of  which  notoriously  contained, 
arsenic.  A suspicion  of  poisoning  arose.  The  bodies  were  exhumed,  and, 
arsenic  was  found  in  the  stomach  and  intestines  of  Nobel,  but  not  the  slight-i 
est  trace  in  the  corpse  of  the  wife.  The  remains  of  the  bodies  were  re-interred, 
and  after  six  months,  on  a fresh  suspicion  of  poisoning  arising,  again  ex- 
humed. The  corpse  of  the  woman  had  been  put  naked  in  the  moist  earth 
during  a heavy  shower,  but  this  time  also  no  arsenic  was  detected  in  it. 


I 
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course  deal  with  this  question  on  its  merits,  and  without  pre- 
judice. According  to  Eulenberg,* * * §  in  arsenical  earth — if  after 
having  been  crushed  and  washed,  it  lies  for  some  time  exposed 
to  the  disintegrating  action  of  the  air — soluble  arsenical  salts 
are  formed,  which  may  find  their  way  into  brooks  and  supplies 
of  drinking  water.  We  may  infer  that  it  is  hardly  probable 
(except  under  very  peculiar  circumstances)  for  a corpse  to 
be  contaminated  internally  with  an  estimable  quantity  of 
arsenic  from  the  traces  of  arsenic  met  with  in  a few  church- 
yards. 

It  occasionally  happens  that  an  exhumation  is  ordered  a very 
long  time  after  death,  when  no  organs  or  parts  (save  the  bones) 
are  to  be  distinguished.  In  the  case  of  a man  long  dead,  the 
widow  confessing  that  she  had  administered  poison,  the  bones 
were  analysed  by  Sonnenschein,  and  a small  quantity  of  arsenic 
found.  Conierbe  and  Orfila  have  both  asserted  that  arsenic  is  a 
normal  constituent  of  the  bones — a statement  which  has  been 
repeatedly  dis})roved.  Sonnenschein  relates: — t “I procured  the 
remnants  of  a body  of  a person  killed  twenty-five  years  previously, 
from  a churchyard  of  this  place  (Berlin),  and  investigated  several 
others  in  a similar  way,  without  finding  the  least  trace  of  arsenic. 

I Similar  experiments  in  great  number  were  repeated  in  my  laboi’a- 
I tory,  but  in  no  case  was  arsenic  recognised.”  The  o])inion  of  the 
j expert,  should  he  find  arsenic  in  the  bones,  must  be  formed  from 
I the  amount  discovered,  and  other  circumstances. 

§ 131,  Analysis  of  Wall-ioaper  for  Arsenic. — The  separation  of 
arsenic  from  paper  is  extremely  easy,  and  admits  of  great  variety 
of  manipulation.  A very  quick  special  method  is  as  follows  : — 
The  paper  is  saturated  with  chlorate  of  potash  solution,  dried, 
j set  on  fire  in  a suitable  plate,  and  instantly  covered  with  a bell- 
j glass.  The  ash  is  collected,  pulverised,  and  exhausted  with 
; cold  water,  which  has  previously  thoroughly  cleansed  the  ])late 
and  bell-glass  ; the  arsenic  in  combination  with  the  potash  is 
■ dissolved,  whilst  oxides  of  chromium,  copper,  aluminium,  tin, 
and  lead,  remain  in  the  insoluble  portion.j. 

On  investigating  the  air  of  a room  or  chamber  suspected  of 
being  impregnated  with  arsenic,  it  is  important  to  know  whether 
it  is  caused  by  arsenical  dust  or  by  AsHg.  In  the  case  of  a 
child  dying  with  symptoms  of  arsenical  poisoning  in  a room 
i i)apered  with  a pigment  containing  Scheele’s  green,  Sonnenschein  § 
[placed  a perfectly  clean  table  in  the  room,  which  was  kept 

* “Gewerbe  Hygiene,”  p.  2S4. 

t Gerkhtlich.  Chemie,  p.  122. 

X Kapferschlaeger  ; Bev.  Universelle  des  Mines,  1876. 

§ “ Handbuch  der  Gericlit.  Chemie.”  p.  153. 
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closed  foi’  eight  days.  At  the  end  of  that  time  he  examined  the 
dust  of  the  table  by  the  microscope  and  chemically ; the  former 
revealed  green  particles,  the  latter  arsenic.  It  would,  however, 
appear  both  a more  rapid  and  convenient  method  to  draw  a 
large  number  of  litres  of  air  through  a solution  of  nitrate  of 
silvei',  and  filter  the  air  through  cotton  wool;  at  the  termination 
of  the  experiment  examining  the  wool  for  arsenical  dust,  and 
the  nitrate  of  silver  for  arsenious  acid.  A convenient  aspirator 
for  such  a purpose  is  an  ordinary  ale  cask,  filled  with  water; 
a bit  of  brass  tubing  is  screwed  througli  a hole  in  the  bung, 
and  connected  with  the  absorption  apparatus,  the  water  being 
allowed  to  trickle  away  slowly  through  a tap  placed  in  the  usual 
position.* 

§ 135.  Elimination  of  Arsenic  from  the  Body. — Orfila  and  I 
Geoghegan  consider  that  arsenic  is  entirely  eliminated  fronii 
the  body  in  from  twelve  to  fifteen  days.  Husemann  detected ^ 
arsenic  in  the  urine  of  a hound  seventeen  days  after  administer- 
ing the  poison,  and  Sonnenschein  found  it  in  the  faeces  of  a man  i 
ten  days  after  the  poison  had  been  taken.  Some  experiments  ofi 
Flandin  and  Danger  showed  that  in  one  case  elimination  was*, 
complete  in  three  days,  whilst  in  another  traces  could  be  found’ 
as  late  as  the  tliirty-fifth  day.  The  latter  case,  however,  ap- 
pears to  be  quite  exceptional,  and  there  is  unanimity  of  opinion i 
among  toxicologists  as  to  the  elimination  of  arsenic  beingi 
relatively  rapid.  If  a person  should  live  a few  days  after^ 
taking  a poisonous  dose  of  arsenic,  it  is  not  probable  that  the 
poison  would  be  discovered  in  the  body. 

§ 136.  Estimation  of  Arsenic. — Most  of  the  methods  for  thei 
quantitative  determination  of  arsenic  are  also  excellent  tests; 
for  its  presence.  It  may  be  regarded,  indeed,  as  an  axiom  ini 
legal  chemistry,  that  the  precise  amount  of  every  substancet 
detected,  if  it  can  be  weighed  or  estimated  by  any  process  what-t 
ever,  should  be  accurately  stated.  Indefinite  expressions,  such: 
as  “a  small  quantity  was  found,”  “traces  were  detected,”  &c., 
are  most  objectionable.  The  more  perfect  of  the  methods  ol; 
evolving  arsenic  can  be  made  quantitative.  For  example,  tint 
galvanic  process  introduced  by  Bloxam  may  be  utilised  asi 
follows  : — A fractional  part  of  the  arsenical  solution  is  taken  fou 
the  experiment ; the  bottom  of  a narrow-necked  bottle  of  abouti 
100  cc.  capacity  is  removed,  and  replaced  by  a piece  of  vegetable! 

■ The  investigation  of  emanations  supposed  to  be  arsenical  from  mamii 
factories,  &c. , must  be  conducted  on  the  same  principles.  It  would  appea* 
that  arsenical  fumes  are  evolved  in  the  action  of  impure  sulphuric  acid  oi» 
co])rolites,  a fact  not  before  observed. — “On  the  Presence  of  Arsenic  in  the 
V'apour  of  Bone  Manure,”  by  J.  Adams. 
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parchment.  The  neck  of  the  bottle  carries  a cork,  which  is 
j|  pierced  by  (1.)  a platinum  wire,  which  is  attached  to  a platinum 
! electrode;  (2.)  a short  tube,  bent  at  right  angles,  and  connected 
i i by  piping  with  a longer  tube  which  has  also  a rectangular  bend, 

1 I and  dips  into  a solution  of  silver  nitrate ; (3.)  an  ordinary 
t:j  funnel-tube,  reaching  nearly  to  the  bottom.  The  bottle  is 
f'i  placed  in  a beaker  of  such  a size  as  to  leave  a small  interval  be- 
tween  the  two,  and  the  whole  apparatus  stands  in  a large  vessel 
of  cold  water.  Dilute  sulphuric  acid  is  now  put  into  the  bottle, 

I and  also  into  the  beaker,  so  that  the  fluid  reaches  exactly  the 
I ! same  level  in  each.  The  positive  platinum  electrode  of  a battery 
; ; of  six  of  Grove’s  cells,  or  other  efficient  combination,  is  immersed 
in  the  liquid  outside  the  bottle,  connection  with  the  negative 
[ .[  plate  is  established,  and  hydrogen  very  soon  comes  off,  and 
; ; passes  over  into  the  nitrate  of  silver  solution.  When  all  the 
i air  is  expelled,  a portion  of  the  rectangular  tube  is  heated  to 
[ redness,  and  if  there  is  no  stain  nor  any  reduction  of  the  silver, 
the  acid  is  pure.  If  the  gas  is  passed  for  a long  time  into  the 
. silver  solution,  the  silver  will  be  reduced  to  some  extent  by  the 
I ' hydrogen,  although  arsenic-free ; * so  that  it  is  better  to  rely 
[ I upon  the  metallic  ring  or  stain,  which  is  certain  to  be  formed 
[ ■ on  heating  a portion  of  the  tube  red-hot,  and  keeping  it  at  that 
I s temperature  for  at  least  ten  minutes.  The  liquid  is  then  passed 
i through  the  funnel  in  successive  portions ; if  arsenic  is  present 
r I there  will  be  a decided  metallic  ring  on  heating  the  tube  as 
I : before,  and  if  antimony  is  present  there  will  also  be  a stain; 

, the  distinctions  between  these  stains  have  been  described  at 

I p.  385. 

I ' The  tube  is  kept  red-hot  until  the  stain  is  very  distinct;  then 
i . the  source  of  heat  is  removed,  and  the  gas  allowed  to  bubble 
V.  \ through  the  argentic  nitrate  solution,  which  it  decomposes,  as 
h'  before  detailed  (p.  372).  This  process  is  continued  until,  on 
p placing  the  delivery  tube  in  a sample  of  clear  nitrate  of  silver 
pi  I solution,  there  is  no  darkening  of  coloiu’.  In  certain  cases  this 
• . may  take  a long  time,  but  the  apparatus  once  set  to  work, 

I ; requires  little  superintendence.  At  the  conclusion,  the  whoh‘, 
P I of  the  arsenic  is  separated, — part  is  in  the  silver  solution  as 
i?  i arsenious  acid,  part  in  the  tube  as  a ring  of  metallic  arsenic. 
^ ' The  portion  of  the  tube  containing  the  metallic  arsenic  should 
) j be  cut  off  with  a file  and  weighed,  the  arsenic  then  removed 
f and  re-weighed;  the  loss  is  the  metal  approximately.  It  is 
. I also  possible  to  estimate  the  amount  of  arsenic  in  a metallic  ring 
i 

h * Nitrate  of  silver  solution  is  reduced  by  H2,  CH3,  PH3,  and  SbH3  ; hence 
k ■ i it  is  absolutely  necessary  in  any  qualitative  examination  to  prove  that 
i I arsenious  acid  has  actually  been  produced  in  the  silver  solution. 
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by  having  a set  of  similar  deposits  of  known  weights  or 
quantities,  in  tubes  exactly  corresponding  to  those  used  in  the 
analysis,  and  comparing  or  matching  them. 

In  cases  where  a very  small  quantity  of  arsenic  only  is 
present,  it  will  be  better  to  continue  the  heating  of  the  tube  until 
the  end  of  the  operation,  so  as  to  obtain  all  the  arsenic  present 
in  the  metallic  state ; the  nitrate  of  silver  solution  can  in  such 
a case  be  omitted.  M.  Cromydis  * has  given  some  analyses  in 
support  of  this  simple  and  easy  quantitative  and  qualitative 
process,  and  it  is  with  due  care  exact,  but  very  tediovis  if  certain 
organic  liquids  are  operated  upon. 

The  arsenious  acid  in  the  nitrate  of  silver  may  be  dealt  with 
in  several  ways.  The  equation  given  p.  372,  shows  clearly  that 
pure  arsine  passed  into  nitrate  of  silver  solution  decomposes  it' 
in  such  a manner  that,  if  either  the  silver  deposited  or  the  free 
acid  is  estimated,  the  quantity  of  arsenic  can  from  such  data  be 
deduced.  In  operating  on  organic  liquids,  ammonia  and  other- 
products  may  be  given  off,  rendering  either  of  the  indirect- 
processes  inadvisable.  A very  convenient  method,  applicable 
in  many  cases,  is  to  thi'ow  out  the  silver  by  hydrochloric  acid, 
alkalise  the  filtrate  by  bicarbonate  of  soda,  and  titrate  with 
iodine  solution.  The  latter  is  made  by  dissolving  exactly  12‘7 
grms.  of  pure  dry  iodine,  by  the  aid  of  18  grms.  of  potassic  iodide 
in  one  litre  of  water,  observing  that  the  solution  must  take 
})lace  in  the  cold,  without  the  application  of  heat.  The  principle 
of  the  titration  is,  that  arsenious  acid,  in  the  presence  of  water 
and  free  alkali,  is  converted  into  arsenic  acid — 


i 

I 


* 

* 


AsgOg  + 41  = 2Na20  + AsgOg  + 4NaI. 

The  end  of  the  reaction  is  known  by  adding  a little  starcli- 
])aste  to  the  solution;  as  soon  as  a blue  colour  appears,  thei 
process  is  finished. 

Another  convenient  way  by  which  (in  very  dilute  solutions  of 
arsenious  acid)  the  arsenic  may  be  determined,  is  a colorimetrici 
method,  which  depends  on  the  fact  that  sulphuretted  hydi’ogen,. 
when  arsenious  acid  is  present  in  small  quantity,  produces  no 
])recipitate  at  first,  but  a yellow  coloin-,  proportionate  to  the 
amount  of  arsenic  present.  The  silver  solution  containing 
ai'senious  acid  is  freed  from  silver  by  hydrochloric  acid ; a 
measured  quantity  of  saturated  SH2  water  is  added  to  a fractional 
and,  if  necessary,  diluted  portion,  in  a Nessler  cylinder  or 
colorimetric  apparatus,  and  the  colour  produced  exactly  imitated, 
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by  the  aid  of  a dilute  solution  of  arsenious  acid,  added  from  a 
burette  to  a similar  quantity  of  SHg  water  in  another  cylinder. 
The  fluid  must  of  course  be  acidified  with  HCl. 

The  arsenious  acid  may  also  be  precipitated  as  tersulphide, 
and  the  tersulphide  dissolved  by  ammonia  j in  this  case  also  the 
silver  should  be  removed  from  the  solution  first. 

The  electrotype  method  of  evolving  nascent  hydrogen  is  Avithout 
doubt  almost  perfect;  but  Davy’s  method,  already  alluded  to 
(p.  383),  is  decidedly  more  convenient,  and  of  great  delicacy. 
The  only  objection  to  its  use  is,  that  it  introduces  mercury  into 
the  liquid  to  be  tested,  Avhich  is  therefore  rendered  unfit  for 
subsequent  search  for  that  metal ; it,  howe\"er,  but  rarely  happens 
that  the  material  operated  upon  is  so  scanty  that  the  chemist 
cannot  afford  a carefully  weighed  or  measured  portion  to  be  used 
only  for  the  detection  or  exclusion  of  arsenic. 

The  method  lias  been  very  prominently  brought  forAvard  by 
Dr.  E.  Davy,  * and  is  simply  the  evolution  of  nascent  hydrogen 
by  sodium  amalgam.  In  the  original  paper  the  author  proposes 
it  as  a qualitative  test  only,  and  uses  paper  soaked  in  argentic 
nitrate  solution  as  an  indicator.  It  is,  howcA’er,  obvious  that 
the  arsenic  evolved  may  be  absorbed  by  argentic  nitrate  solution, 
or  arsenic  deposited  as  a metallic  coating  in  the  tube.  A sodium 
amalgam  is  prepared  by  adding  1 part  of  sodium  to  10  parts  of 
mercury;  if  any  quantity  of  this  amalgam  is  required,  the  sodium 
may  be  melted  under  paraffin,  and  poured  in  a thin  stream  on  to 
the  mercury,  f Avhich  becomes  solid  sooner  than  the  paraffin,  and 
the  latter  may  be  poured  off,  finally  cleansing  the  amalgam  by 
petroleum  ether.  This  amalgam  will  contain  no  arsenic;  but 
in  a medico-legal  investigation  it  should  be  nevertheless 
tested,  by  evolving  hydrogen  from  Avater  with  it,  and  passing 
the  gas  for  an  hour  through  argentic  nitrate  solution.  A 
little  silver  may  be  pi’ecipitated,  ghfing  the  solution  a slightly 
smoky  colour;  but  on  freeing  the  solution  from  siH’er  by 
HCl,  no  arsenic  should  be  detected  by  hydric  sulphide  or  other 
tests. 

The  quantitative  analysis  by  Davy’s  test  is  made  by  placing 
in  a flask  a fractional  part  of  the  liquid  to  be  examined,  adding 
few  pieces  of  the  amalgam,  and  conducting  the  evolved  gas 
into  a 4 per  cent,  argentic  nitrate  solution.  The  flask  may  be 
30iiA'eniently  fitted  up  Avith  an  india-rubber  cork  pierced  by  tAvo 
ubes,  the  one  a thistle  funnel-tube,  reaching  nearly  to  the 
Jottom,  the  other  commencing  at  the  loAver  end  of  the  cork,  and 
ending  in  the  usual  Avay  into  the  silver  solution.  TV  hen  bubbles 

* Chem.  News,  xxxiii.  58. 

■\Ihid.,  xxxiii.  94. 


I 


394  A MANUAL  OF  PRACTICAL  CHEMISTRY.  [§  13G. 

cease  to  come  off,  heat  sliould  be  applied,  and  the  last  trace  ot  i| 
arsine  driven  over  by  boiling.  After  boiling,  the  liquid  should  | 
be  cooled,  some  fresh  amalgam  added,  and  the  process  repeated  | 
until  no  arsine  is  evolved.  In  personal  experiments  upon  this  ii 
method  (using  solutions  of  arsenious  acid  in  beer,  wine,  spirits,  | 
urine,  &c.)  the  writer  has  found  it  accurate,  although  often  I 
taking  considei*able  time.  I 

Despite  the  advantages  of  the  processes  described,  which  ara 
(to  a certain  extent)  new,  easy,  and  accurate,  not  a few  chemists 
still  prefer  the  old  method  of  precipitation  with  hydric  sulphidd 
SH„  because,  although  tedious,  it  has  stood  the  test  of  experience 
If  this  be  used,  it  is  well  in  most  cases  to  pass  sulphurous 
anhydride  through  the  liquid  until  it  smells  strongly  of  thu 
gas,  for  by  this  means  any  arsenic  acid  present  is  reduced,  tha 
sulphurous  anhydride  is  quickly  got  rid  of  by  a current 
carbonic  anhydride,  and  then  the  liquid  is  saturated  with 
hydric  sulphide.  In  the  ordinary  way,  much  time  is  often 
wasted  in  saturating  the  liquid  with  this  gas.  Those,' howevert 
who  have  large  laboratories,  and  daily  employ  hydric  sulphidei 
})ossess  (or  should  possess)  a water  saturated  with  the  gas  unde> 
pi’essure;  such  a liquid,  added  in  equal  volume  to  an  ai’senica; 
solution,  is  able  to  convert  the  whole  of  the  arsenic  into  sulphide 
in  a very  few  minutes.  Those  who  do  not  possess  this  hydri(s 
sulphide  water  can  saturate  in  an  hour  the  liquid  to  be  tested- 
by  passing  the  gas  in  under  pressure.  A convenient  method  if 
to  evolve  SHg  from  sulphide  of  antimony  and  HCl  j the  gaf, 
passes  first  into  a wash-bottle,  and  then  into  a strong  flash 
containing  the  solution  under  trial.  This  flask  is  furnished  wit! 
a safety-valve,  proportioned  to  the  strength  of  the  a])paratus 
the  two  tubes  dipping  into  the  Avash-bottle  and  the  last  flash 
are  provided  with  Bunsen’s  valves,  which  only  allow  the  gas  t( 
pass  in  one  direction.  The  hydric  sulphide  is  then  driven  ovei 
by  heat,  and  when  suflicient  gas  has  in  this  way  passet. 
into  the  liquid,  the  flame  is  withdrawn,  and  the  apparatus 
allowed  to  stand  for  some  hours,  tlie  v'alves  preventing  an)! 
backwai’d  flow  of  the  liquid  or  gas.  When  the  precipitate  ha^i 
settled  to  the  bottom,  the  supernatant  fluid  is  carefully  passeu 
through  a filter,  and  the  precipitate  washed  by  decantation  n 
the  flask,  without  transference  to  the  filter,  if  it  can  hi 
avoided. 

The  sulphide  thus  obtained  is  the  trisulphide  of  ai'senic,  mixeti 
with  sulj)hur,  and,  in  most  medico-legal  inquiries,  contarainateci 
by  organic  matter.  It  is  therefore  too  impure  to  be  directly 
weighed,  and  there  are  several  methods  of  purification  open  ti, 
the  analyst. 
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(a.)  Solution  in  Ammonia  and  Estimation  hy  Iodine.  * * * § — The 
filter  is  pierced,  the  sulphide  washed  into  a flask  by  ammonia 
water  (which  need  not  be  concentrated),  and  dissolved  by  warm- 
ing with  ammonia  water,  filtered  from  any  insoluble  matter, 
neutralised  by  ammonia,  and  estimated  by  iodine  and  starcli 
(p.  392). 

(6.)  Drying  the  Purified  Precipitate  at  a high  temperature,  and 
then  directly  weighing,  t — The  sul}jhide  is  dissolved  as  before  in 
ammonia,  filtered,  and  evaporated  to  dryness  in  a porcelain  dish, 
which  is  placed  with  its  contents  on  a sand-bath,  and  heated 
carefully.  With  attention  it  is  easy  to  evaporate  off  in  this 
way  any  free  sulphur,  and  to  carbonise  the  traces  of  organic 
matter,  without  any  volatilisation  of  the  sulphide  of  arsenic. 
The  black  mass  is  once  more  dissolv^ed  in  ammonia,  filtered,  aud 
the  filtrate  evapoi'ated  in  a fared  porcelain  dish  to  dryness,  and 
finally  weighed  as  sulphide  of  arsenic. 

(c.)  Oxidation  of  the  Sulphide  and  Precipitation  as  Ammonia 
Magnesian  Arseniate,  or  Magnesia  pyroarseniate. — The  tersulphide, 
as  before,  is  dissolved  in  ammonia  (not  omitting  the  filter  paper, 
which  should  be  soaked  in  this  reagent),  the  solution  filtered, 
and  evaporated  to  dryness.  The  dry  residue  is  now  oxidised  by 
fuming  nitric  acid,  taking  care  to  protect  the  dish  with  a large 
watch-glass  (or  other  cover)  during  the  fii'st  violent  action;  the 
dish  is  then  heated  in  the  water-bath  until  all  the  sulphur  has 
disappeared,  and  only  a small  bulk  of  the  liquid  remains ; it  is 
then  diluted  and  precipitated  by  “ magnesia  mixture. ”§  The 
fluid  must  stand  for  several  hours,  and  if  the  arsenic  is  to  be 
determined  as  the  usual  ammoniacal  salt,  it  must  be  passed 
through  a weighed  filter,  and  washed  with  a little  ammoniacal 
water  (1:3).  The  solubility  of  the  precipitate  is  considerable, 
and  for  every  16  cc.  of  the  filtrate  (not  the  washings)  1 mgrm.  m\ist 
be  allowed.  The  precipitate  dried  at  100°C.,  2(NH^MgA.s0^)H20 
represents  39 ’47  per  cent,  metallic  arsenic. 

The  solubility  of  the  magnesium  arseniate  itself,  and  the 
general  dislike  which  chemists  have  to  weighing  in  such 
hygroscopic  material  as  a filter  are,  perhaps,  the  main  reasons 
or  the  variation  of  this  old  method,  which  has  lately  come 

*P.  Champion  and  H.  Pellet,  Bull.  Soc.  Chim.  [2],  xxvj.  541-544. 

+ F.  Mohr,  “ Chemische  Toxicologie,”  p.  56. 

f Ammonia  always  dissolves  some  free  sul])hur. 

§ Magnesia  mixture  : 

Sulphate  of  magnesia, 1 

Chloride  of  ammonium,  ......  I 

Solution  of  ammonia, .4 

Water,  . . . • • ' . ' . • • ® 

issolve;  then  allow  to  stand  for  several  days  ; finally  filter,  and  keep  for  use. 
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into  notice.  Hose  proposed  some  time  ago  the  conversi 
of  the  double  salt  into  the  pyroarseniate,  a method  condemn 
by  Fresenius  and  Parnell,  but  examined  and  pronounc 
a practicable  and  accurate  process  by  Pemol,  Pammelsbe; 
Thorpe,  Fuller,  Wittstein,  Emerson,  Macivoi*,  Wood,  a 
Brauner.  The  modification  of  Bose’s  process,  recommend 
by  Wood,*  and  still  further  improved  by  Brauner, t may 
accepted. 

The  precipitation  is  effected  by  magnesia  mixture,  with  t 
addition  of  half  its  bulk  of  alcohol.  The  solution  is  allowed 
stand  for  several  hours,  until  it  is  possible  to  decant  the  cle 
liquid  from  the  precipitate  ; the  latter  is  now  dissolved  in  H( 
rej)recipitated  as  before,  thrown  on  a small  filter,  and  wash 
with  a mixture  of  one  volume  of  ammonia,  two  vokimes  of  alcoh 
and  three  of  water.  The  precipitate  is  now  dried,  and  trai 
ferred  as  completely  as  possible  from  the  filter  into  a smi 
porcelain  crucible,  included  in  a larger  one  made  of  platiuu: 
moistened  with  nitric  acid,  covered  and  heated  at  first  gent 
lastly  to  a bright  redness ; the  filter  is  then  treated  similarly,  a; 
the  crucible  with  its  contents  weighed.  Pyroarseniate  of  arsei 
(Mg^AsgOy)  contains  48-29  per  cent,  of  metallic  arsenic. 

{d.)  Conversion  of  the  Trisulphide  of  Arsenic  into  the  Arsenov 
hjhdate  of  Ammonia. — The  purified  sulphide  is  oxidised  by  niti 
acid,  the  acid  solution  is  rendered  alkaline  by  ammonia,  and  th 
precipitated  by  a molybdenum  solution,  made  as  follows  : — 1 
gnus,  of  molybdic  acid  ai’e  dissolved  in  150  cc.  of  ordina 
ammonia  and  80  of  water;  this  solution  is  poured  drop  by  dr 
into  500  cc.  of  pure  nitric  acid  and  300  cc.  of  water  ; it  is  allow 
to  settle,  and,  if  necessary,  filtered.  The  molybdic  solution  mui 
be  mixed  in  excess  with  the  liquid  under  treatment,  the  temper; 
ture  raised  to  70°  or  80°,  and  nitric  acid  added  in  excess  until  i 
yellow  coloration  appears ; the  liquid  is  then  passed  through  s 
tared  filter,  and  di’ied  at  100°C.  It  contains  5T  per  cent, 
arsenic  acid  [3-3  As].J 

(«.)  Conversion  of  the  Sulphide  into  Metallic  Arsenic. — If  the;* 
should  be  any  doubt  as  to  the  nature  of  the  precipitated  sui 
stances,  the  very  best  way  of  resolving  this  doubt  is  to  redui 
the  sulphide  to  metal.  The  original  process  of  Fresenius  was  » 
mix  the  sulphide  with  carbonate  of  soda  and  cyanide  of  petal 
sium,  and  place  the  mixture  in  the  wide  part  of  a tube  of  han 
German  glass,  drawn  out  at  one  end  to  a capilhu-y  fineness.  Ca. 
bonic  anhydride,  properly  dried,  was  passed  through  the  tubj 


* Zeitschrift  far  Anal.  Chem.,  xiv'.  356. 
t Ibid.,  xvj.  57,  58. 
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and  the  portion  containing  the  mixture  heated  to  I'edness ; in 
this  way  the  arsenical  sulphide  was  reduced,  and  the  metal  con- 
densed in  the  capillary  portion,  where  the  smallest  quantity  could 
be  recognised.  A more  elaboi'ate  and  accurate  process,  based  on 
the  same  principles,  has  been  advocated  by  Mohr  : — * 

A convenient  quantity  of  carbonate  of  soda  is  added  to  the 
sulphide,  and  the  whole  mixed  with  a very  little  water,  and 
gently  warmed.  The  yellow  precipitate  is  soon  dissolved,  and 
then  the  whole  is  evaporated  carefully,  until  it  is  in  a granular, 
somewhat  moist,  adhesive  state.  It  is  now  transferred  to  a glass 
tube,  open  at  top  and  bottom,  but  the  top  widened  into  a funnel ; 
|!  this  tube  is  firmly  held  perpendicularly  on  a glass  plate,  and  the 
1 1 prepared  sulphide  hammered  into  a compact  cylinder  by  the  aid 
of  a glass  rod,  which  just  fits  the  tube.  The  cylinder  is  now  dried 
! over  a flame,  until  no  more  moisture  is  to  be  detected,  and  then 
1 transferred  into  a glass  tube  four  or  five  inches  long,  and  with 
9 i one  end  drawn  to  a point  (the  weight  of  this  tube  should  be  first 
1 i accurately  taken).  The  tube  is  connected  with  the  following 
; series : — ( 1 .)  A chloride  of  calcium  tube ; (2. ) a small  bottle  contain- 
l^ing  nitrate  of  silver;  (3.)  a hydrogen-generating  bottle  containing 
f izinc  and  sulphuric  acid.  The  hydrogen  goes  through  the  argen- 
|flltic  nitrate  solution,  leaving  behind  any  sulphur  and  arsenic  it 
imay  contain  ; it  is  then  dried  by  chloride  of  calcium,  and  streams 
in  a pure  dry  state  over  the  cylinder  of  prepared  sulphide. 
When  it  is  certain  that  pure  hydrogen,  unmixed  with  air,  is 
being  evolved,  the  portion  of  the  tube  in  which  the  cylinder 
rests  is  heated  slowlv  to  redness,  and  the  metallic  arsenic  sub- 
imes  at  a little  distance  from  the  source  of  heat.  jN^o  error  with 
regard  to  impurities  in  the  gas  is  likely  to  occur ; but  in  rigid 
nquiries  it  is  advisable  to  heat  a portion  of  the  tube,  previous 
0 the  insertion  of  the  cylinder,  for  some  time,  in  order  to  'prove 
^ ;he  absence  of  any  external  arsenical  source.  Loss  is  inevitable 
^ f the  tube  is  too  short,  or  the  stream  of  hydrogen  too  powerful, 
file  tube  after  the  operation  is  divided,  the  portion  soiled  by 
lie  soda  thoroughly  cleansed,  and  then  both  parts  weighed  ; 
he  difference  between  the  weight  of  the  empty  tube  and  the 
ube  + arsenic  gives  the  metallic  arsenic. 

This  is  the  process  as  recommended  by  Mohr;  it  may,  how- 
ver,  be  pointed  out  that  the  glass  tube  itself  loses  weight 
hen  any  portion  of  it  is  kept  red-hot  for  some  little  time  ; 
nd  therefore,  unless  the  crust  is  required  in  the  original 
ibe,  it  is  better  to  divide  it,  carefully  weigh  the  arsenical 
ortion,  remove  the  crust,  and  then  reweigh.  The  method 
nearly  but  not  perfectly  accurate ; for  if  the  white  alkaline 
* Mohr’s  “ Toxicologic,  ” p.  57. 
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residue  be  examined,  arsenic  will  be  detected  in  it,  the  reaso 
being  that  the  arsenical  sulphide  generally  contains  pent 
sulphide  of  arsenic  as  well  as  free  sulphur.  Now  the  pentasu 
])hide  does  not  give  up  metallic  ai’senic  when  treated  as  befo--‘ 
detailed ; nor,  indeed,  does  the  trisulphide,  if  mixed  with  mu< 
sulphur,  yield  an  arsenical  crust.  It  is,  thei’efore,  of  gre 
moment  to  free  the  preci])itate  as  much  as  possible  from  sulphu 
before  attempting  the  reduction. 

The  development  of  a reducing  gas  from  a special  and  sora 
what  complicated  apparatus  is  not  absolutely  necessary.  Tl 
Avhole  process  of  reduction,  from  beginning  to  end,  may  take  pla 
in  a single  tube  by  any  of  the  following  processes  : — (1.) 
sulj)hide  is  mixed  with  oxalate  of  soda  (a  salt  which  contains  3 
water  of  crystallisation),  and  the  dry  mixture  is  transferrc 
to  a suitable  tube,  sealed  at  one  end.  An  arsenical  mirror 
readily  obtained,  and  if  the  heat  is  continued  long  enough,  i 
arsenic  remains  behind — an  excellent  and  easy  method,  in  whii 
the  reducing  gas  is  carbonic  oxide,  in  an  atmosphere  of  cai’bon. 
anhydi’ide.  (2.)  The  sulphide  is  oxidised  by  aqua  regia,  and  tl 
solution  evaporated  to  complete  dryness.  The  residue  is  the 
dissolved  in  a few  drops  of  water,  with  the  addition  of  sou 
largish  grains  of  good  wood  charcoal  (which  absorb  most  of  ti 
solution),  and  the  whole  carefully  drieti.  The  mass  is  no 
transferred  to  a tube  closed  at  one  end,  a little  charcoal  addo 
in  the  form  of  an  upper  layer,  and  heat  applied  first  to  this  upp 
layer,  so  as  to  replace  the  air  with  CO2,  a3id  then  to  bring  the  who. 
tube  gradually  to  redness  from  above  downwards.  In  this  ca 
also  the  whole  of  the  arsenic  sublimes  as  a metallic  mirror. 

There  are  various  other  modifications,  but  the  above  a 
trustworthy,  and  quite  sufficient.  Brugelmann’s  method 
determining  arsenic,  elsewhere  described,  woxild  appear  to  pc 
sess  some  advantages,  and  to  promise  well;  but  the  writer  hf 
had  no  personal  expexience  of  it  with  regard  to  ax-senic. 

(/.)  Conversion  of  Arsenic  into  Arsenious  Chloride^  AsClg. — Th 
])i'ocess,  first  employed  by  Schneider  and  Fyfe,  and  afterward 
modified  by  Tayloi’,  diffei'S  from  all  the  preceding,  since  n 
attempt  is  made  to  separate  by  one  opex’ation  volatile  metalli 
chlorides,  and  to  destroy  the  organic  mattei’,  and  thus  obtain  tv 
liquids — one  a distillate — tolerably  clear  and  free  from  solii 
particles,  whilst  the  mass  in  the  I’etort  retains  such  metals  a 
cop[)ei*,  and  is  in  evei'y  way  easy  to  deal  with. 

Schneider  and  Fyfe  emjxloyed  sulphuric  acid  and  common  salt 
bxit  Taylor  x’ecommends  hydrochloi’ic  acid,  which  is  in  every  respec 
pi'efei’able.  As  recommended  by  Taylor,  all  matters,  oi’ganic  0 
otherwise,  are  to  be  completely  desiccated  befoi’e  their  reductiot 
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into  a retort,  and  on  these  dried  substances  sufficient  pure  hydro- 
chloric acid  poured,  and  the  distillation  pushed  to  dryness. 
Every  one  is  well  aware  how  tedious  is  the  attempt  to  dry 
perfectly  the  organs  of  the  body  (such  as  liver,  &c.)  at  any 
temperature  low  enough  to  ensure  against  volatilisation  of  such  a 
substance  as,  e.g.,  calomel.  This  drying  has,  therefore,  been  the 
great  stumbliugblock  which  has  prevented  the  general  application 
of  the  process.  It  will  be  found,  however,  that  drying  in  the 
ordinary  way  is  by  no  means  necessary.  The  writer  cuts  up  the 
solid  organ  (such  as  liver,  brain,  &c.)  with  scissors  into  small 
pieces,  and  transfers  them  to  a retort  fitted  by  an  air-tight  joint 
to  a Liebig  condenser;  the  condenser  in  its  turn  being  connected 
with  a flask  by  a tube  passing  through  an  india-rubber  stopper. 
Another  tube  from  the  same  flask  is  connected  with  india-rubber 
piping,  which  terminates  ultimately,  by  an  iron  tube,  in  an  open 
tire,  furnace  chimney,  or  other  place  convenient  for  conveying  off 
the  very  offensive  vapours  from  the  laboratory.  The  distillation 
is  now  carried  on  to  carbonisation ; on  cooling,  a second  quantity 
of  hydrochloric  acid  is  added,  and  the  last  fraction  of  the  distillate 
examined  for  arsenic.  If  any  is  found,  a third  distillation  is 
necessary.  At  the  termination  of  the  operation  the  retort  is 
washed  with  water,  the  solution  filtered,  and  this  solution  and 
the  distillate  are  each  separately  examined  for  arsenic.  If  properly 
performed,  however,  the  second  distillation  brings  over  the  whole 
of  the  arsenical  chloride,*  and  none  will  be  found  in  the  retoi’t. 
With  good  management  there  is  no  odour,  nor  is  there  any  loss 
of  substance.  In  the  distillate  the  arsenic  can  haixlly  be  in  the 
form  of  arsenious  chloride,  but  rather  arsenious  acid  and  hydro- 
chloric acid;  for  the  chloride  easily  splits  up  in  the  pi’esence  of 
water  into  these  substances.  However  that  may  be,  it  is  in  a 
condition  to  be  very  easily  dealt  with.  It  is  perhaps  best  to 
convert  it  into  the  trisulphide.  Taylor  t recommends  evolving 
u'sine  in  the  usual  way,  and  passing  the  arsine  (AsHg)  into 
solution  of  silver  nitrate,  finally  estimating  it  as  an  arseniate 
>f  silver.  Objections  with  regard  to  the  impurity  of  reagents 
hould  be  met  by  blank  experiments.  Kaiser  has  proposed 
nd  practised  a modification  of  this  method,  which  essentially  con- 
ists  in  the  use  of  sulphuric  acid  and  sodic  chloride  (as  in  Schneider 
nd  Fyfe’s  original  process),  and  in  passing  the  distillate  first 

Dragendorff  asserts  to  the  contrary  ; but  we  may  quote  the  authority 
Taylor,  who  has  made  several  ex])eriments,  in  which  he  obtained  all 
ce  arsenic  as  chloride.  The  writer  has  performed  the  process  many  times, 
ad  each  time  carefully  testing  the  mass  in  the  retort  for  arsenic;  but 
le  result  proved  that  it  had  entirely  passed  over, 
t “Principles  of  Medical  Jurisprudence,”  I.  267. 
t Zdtschr.  f Anal.  Chem.,  xiv.  250-281. 
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into  a flask  containing  a crystal  or  two  of  potassium  chlorate 
and  thence  into  an  absorption  bulb ; in  the  latter  most  of  thi 
arsenic  is  found  in  the  form  of  arsenic  acid,  the  chloride  havin 
been  oxidised  in  its  passage.  The  apparatus  is,  however,  con 
plicated  in  this  way  without  a corresponding  advantage. 

§ 137.  T/ie  Action  of  Arsenical  Fumes  on  Plants. — The  actio 
of  fumes  of  arsenic  on  plants  occasionally  becomes  a leg<^ 
question.  Vapours  containing  arsenic  evolved  from  works  ar.^ 
seldom,  perhaps  nevei-,  simply  arsenical,  but  mixed  with  othei 
objectionable  gases,* * * §  so  that  an  accurate  estimation  of  th; 
damage  and  danger  done  by  arsenic  alone  is  perhaps  hard! 
possible.  The  present  state  of  knowledge  with  regard  to  thi 
action  of  simply  arsenious  acid  fumes  seems  to  be,  that  if  th 
fumes  are  not  in  great  excess,  but  little  alteration  is  observed .t' 
Arsenic  in  sufficient  quantity  to  affect  plants  produces  shea 
ding  of  the  leaves  and  rapid  withering;  the  action  is  mosi 
intense  on  grass  and  corn  fields;  trees  are  less  susceptible. 

Poultry,  bees,  &c.,  are  often  poisoned  in  the  neighbourhood  c 
arsenical  works  from  absorption  of  the  dust.J 

Superphosphate  of  manure  is  frequently  rich  in  arsenic.  Di 
Edmund  Davy  asserts  that  plants  to  which  such  manure  i 
applied  take  up  arsenic  in  their  tissues,  and  M.  Andouard  haj 
made  a similar  statement.  Tuson§  has  also  undertaken  som: 
experiments,  which  confirm  Andouard  and  Davy’s  researchefi 
The  bearing  of  this  with  relation  to  the  detection  of  arsenic  i 
the  stomachs  of  the  herbivora  needs  no  comment. 


II.— ANTIMONY. 

§ 138.  Metallic  Antimony.  — Atomic  weight,  122;  specift 
gravity,  6‘715;  fusing  point,  about  G21°C.  (1150°F.)  Inthecoura 
of  analysis,  metallic  antimony  may  be  seen  as  a black  powdd 
thrown  down  from  solutions ; as  a film  deposited  on  copper  c 
platinum ; and  lastly,  as  a ring  on  the  inside  of  a tube  from  th? 
decomposition  of  stibine.  At  a bright-red  heat  it  is  volatilisej 
slowly,  even  when  hydrogen  is  passed  over  it ; chlorine,  bromimi 
and  iodine  combine  with  it  directly.  It  may  be  boiled  in  con 
centrated  HCl  without  solution;  but  aqua  regia,  sulphides  (i 
potassium  and  sodium  readily  dissolve  it.  The  distinctiol 

* .3  Rep.  Local  Qov.  Board. 

t Jhid. 

f:  Eulenbcrg:  “ Gewerbe  Hygiene.” 

§ Cooley’s  Dictionary,  Art.  Arsenic. 
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between  thin  films  of  tbis  metal  and  of  arsenic  on  copper  and 
glass  are  pointed  out  at  p,  385.  It  is  chiefly  used  in  the  arts 
for  purposes  of  alloy,  and  enters  to  a small  extent  into  the  com- 
position of  fireworks  {vide  p.  405). 

§ 139.  Antimonious  Sulphide. — Sulphide  of  antimony  = 340  ; 
composition  in  100  parts,  Sb  71*76,  S 28*24.  The  commercial 
article,  known  under  the  name  of  black  antimony,  is  the  native 
sulphide,  freed  from  siliceous  matter  by  fusion,  and  afterwards 
pulverised.  It  is  a crystalline  metallic-looking  powder,  of  a 
steel-grey  colour,  and  is  often  much  contaminated  with  iron, 
lead,  copper,  and  arsenic. 

The  amorphous  sulphide  (as  obtained  by  saturating  a solution 
of  tartar  emetic  with  SHg)  is  an  orange-red  powder,  soluble  in 
potash,  ammonic,  sodic,  and  potassic  sulphides ; and  dissolving 
also  in  concentrated  hydrochloric  acid  with  evolution  of  SHg. 
It  is  insoluble  in  water  and  dilute  acid,  scarcely  dissolves  in 
carbonate  of  ammonia,  and  is  quite  insoluble  in  bisulphite  of 
potash.  If  ignited  gently  in  a stream  of  carbonic  acid  gas,  the 
weight  remains  constant.  To  render  it  anhydrous  a heat  of 
200®C.  is  required. 

The  recognition  of  arsenic  in  the  commercial  sulphide  is  most 
easily  effected  by  placing  2 grms.  or  more  in  a suitable  retort 
(with  condenser),  adding  hydrochloric  acid,  and  distilling.  The 
chloride  of  arsenic  passes  over  before  the  chloride  of  antimony ; 
and  by  not  raising  the  heat  too  high,  very  little  afftimony 
will  come  over,  even  if  the  distillation  be  carried  almost  to 
dryness.  The  arsenic  is  detected  in  the  distillate  by  the  ordinary 
methods. 

Several  lamentable  accidents  have  happened  recently  through 
mistaking  the  sulphide  of  antimony  for  oxide  of  manganese,  and 
using  it  with  chlorate  of  potash  for  the  production  of  oxygen. 
The  addition  of  a drop  of  hydrochloric  acid,  it  is  scarcely  neces- 
jary  to  say,  will  distinguish  between  the  two. 

Antimony  is  frequently  estimated  as  sulphide.  An  amoi’phous 
ersulphide  of  mercury,  containing  a small  admixture  of  anti- 
Qonious  oxide  and  sulphide  of  potassium,  is  known  under  the 
lame  of  Kermes  mineral,  and  has  lately  been  employed  in  the 
ulcanising  of  india-rubber.  Prepared  in  this  way,  the  latter 
lay  be  used  for  various  purposes,  and  thus  become  a source 
f danger.  It  behoves  the  analyst,  therefore,  in  searching  for 
ntimony,  to  take  special  care  not  to  use  any  india-rubber  fittings 
hich  might  contain  the  preparation. 

A pentasulphide  of  antimony  (from  the  decomposition  of 
chleppe’s  salt  [NagSgS^  + 9H2O],  when  heated  with  an  acid)  is 
•sed  in  calico-printing. 
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§ 140.  Tartarated  Antimony^  Tartrate  of  Potash  and  Antimony, 
or  Tartar  emetic,  is,  in  a medico-legal  sense,  the  most  important  ofi 


the  antimonial  salts.  Its  formula  is  K.SbC4H40;^H20,  and  100' 


parts,  theoretically,  should  contain  38 -2  per  cent,  of  antimony. 
According  to  the  B.P.,  20  grains  (1 ’290  grin.)  dissolve  without; 
residue  in  an  ounce  (28‘396  cc.)  of  water;  and  the  solution  gives- 
with  sulphuretted  hydrogen  an  orange  precipitate,  which,  when: 
weighed  and  dried  at  100°C.  (212°F.),  weighs  9'91  grains  [•641 
grm.]  Tartar  emetic  occurs  in  commerce  in  colourless,  trans- 
parent, rhombic,  octahedral  crystals,  slightly  efflorescing  in 
dry  air. 

A crystal  placed  in  the  subliming  cell  (p.  284)  decrepitates  ati 
193'3°C.  (380°F.),  sublimes  at  248'8°C.  (480°F.)  very  slowly  and 
scantily,  and  chars  at  a still  higher  temperature,  287’7°C.  (550°F.) 
On  evaporating  a few  drops  of  a solution  of  tartar  emetic,  and. 
examining  the  residue  by  the  microscope,  the  crystals  are  eithen 
tetrahedra,  cubes,  or  branched  figures.  100  parts  of  cold  water 
dissolve  5 of  tartar  emetic,  whilst  the  same  quantity  of  boiling 
water  dissolves  ten  times  as  much,  viz.,  50.  The  watery  solutiou 
decomposes  readily  with  the  formation  of  algse ; it  gives  na 
precipitate  with  ferrocyanide  of  potassium,  chloride  of  barium, 
or  nitrate  of  silver,  unless  concentrated. 

§ 141.  Metantimonic  Acid,  so  familiar  to  the  practical  chemist 
from  its  insoluble  sodium  salt,  is  technically  applied  in  the  paint^ 
ing  of  porcelain,  and  enamels ; and  in  an  impure  condition, 

as  antimony  ash,  to  the  glazing  of  earthenware. 


§ 142.  Pharmaceutical,  Veterinary,  and  Quack  Preparations 

of  Antimony.* 


(1.)  Pharmaceutical  Preparations : — 

Oxide  of  Antimony,  SbgOg,  is  a white  powder,  fusible  at  a low  recir 
heat,  and  soluble  without  effervescence  in  hydrochloric  acid,  thti 
solution  responding  to  the  ordinary  tests  for  antimony.  Arseni(» 
may  be  present  in  it  as  an  impurity;  the  readiest  means  of  de-i 
tection  is  to  throw  small  portions  at  a time  on  glowing  charcoab 
when  very  small  quantities  of  arsenic  will,  under  such  condn 
tions,  emit  the  ])eculiar  odour.  Carbonate  of  lime  appears  als4 
to  have  been  found  in  the  oxide  of  commerce. 

Antimonial  Powder  is  composed  of  one  part  of  oxide  of  anti. 


* The  history  of  antimony  as  a drug  is  curious.  Its  use  was  ])rohibited  in 
France  in  I5r)(),  because  it  was  considered  poisonous,  07\e  Besnier  beiu|< 


actually  expelled  from  the  faculty  for  transgressing  the  law  on  this  point4 
'J’he  edict  was  repealed  in  1(550,;  but  in  1(568  there  was  a fresh  enactment* 
confining  its  use  to  the  doctors  of  the  faculty. 
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luony  and  two  parts  of  phosphate  of  lime;  in  other  words,  it 
ought  to  give  33’3  per  cent,  of  SbgOg. 

Tartar  Emetic  itself  has  been  already  described.  The  prepara- 
tions used  in  medicine  are — 

The  Wine  of  Antimony  ( Vinum  antimoniale),  which  is  a solution 
of  tartar  emetic  in  sherry- wine,  and  should  contain  10  grains  of 
the  salt  in  each  ounce  of  the  wine  (2 ’27  grains  in  lOO  cc.) 

Antimony  Ointment  {Ungnentum  antimonii  tartarati)  is  a me- 
chanical mixture  of  tartar  emetic  and  lard,  or  simple  ointment;* 
strength  20  per  cent. 

There  is  no  recorded  ease  of  conviction  for  the  adulteration 
of  tartar  emetic;  cream  of  tartar  is  the  only  probable  addition. 
In  such  a case  the  mixture  is  less  soluble  than  tartar  emetic 
itself,  and  on  adding  a small  quantity  of  carbonate  of  soda  to  a 
boiling  solution  of  the  suspected  salt,  the  precipitated  oxide,  at 
first  thrown  down,  becomes  redissolved. 

Solution  of  Chloride  of  Antimony  is  a solution  of  the  terchloride 
in  hydrochloric  acid ; it  is  a heavy  liquid  of  a yellowish-red  colour, 
powerfully  escharotic;  its  specific  gravity  is  1-47.  One  drachm 
(3'549  cc.)  mixed  with  4 ounces  (112  cc.)  of  a solution  of  tar- 
taric acid  (’25  : 4),  gives  a precipitate  with  which  weighs  at 
least  22  grains  (T425  grin.)  This  liquid  is  used  on  very  rare  occa- 
sions as  an  outward  application  by  medical  men  ; farriers  some- 
times employ  it  in  the  foot-rot  of  sheep. 

Sulphurated  Antimony  {Antimonium  sulphuratum)  is  a mixture 
of  sulphide  of  antimony,  Sb.^Sg,  with  a small  and  variable  amount 
of  oxide,  Sb.^Og.  The  P.  B.  states  that  60  grains  (3'888  grms.) 
dissolved  in  HCl,  and  poured  into  w'ater,  should  give  a white  pre- 
cipitate of  oxychloride  of  antimony,  which  (pro))erly  washed  and 
dried)  weighs  about  53  grains  (3‘444  grms.)  The  officinal  com- 
pound-pill of  snbchloride  of  mercury  {Pilula  hydrargyri  sub- 
chloridi  composita)  contains  1 grain  (-0648  grm.)  of  sulphurated 
antimony  in  every  5 grains  (-324  grm.),  i.e.,  20  per  cent. 

(2.)  Patent  and  Quack  Pills  : — 

Dr.  J.  Johnson's  Pills.  From  the  formula  each  pill  should  con- 
tain,— 


Grains. 

Grms. 

Compound  Extract  of  Colocynth, 

2-5 

•162 

Calomel,  , , . • • 

•62 

•016 

Tartar  Emetic,  .... 

•04 

•002 

Oil  of  Cassia,  .... 

•12 

•007 

3-28 

•187 

* Simple  ointment  is  composed  of  white  wax  2,  lard  3,  almond  oil  3. 
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The  oil  of  cassia  can  be  extracted  by  petroleum  ether ; the 
calomel  sublimed  and  identified  by  the  methods  given  in  the 
article  on  Mercury;  the  antimony  deposited  in  the  metallic  state  on 
platinum  or  tin;  and  the  colocynth  identified  as  under  article  Beer. 

MitchelVs  Pills  contain  in  each  pill — 


Grains. 

Grms. 

Aloes, 

M 

•070 

Rhubarb, 

1-6 

•103 

Calomel, 

•16 

•010 

Tartar  Emetic, 

•05 

•003 

2-91 

•186 

The  mineral  substances  in  this  are  easy  of  detection  by  the 
methods  already  given ; the  aloes  by  the  formation  of  chrysammic 
acid,  and  the  rhubarb  by  its  microscopical  characters. 

Dixon's  Fills  probably  contain  the  following  in  each  pill : — 


Grains. 

Grms. 

Compound  Extract  of  Colocynth, . 

2-0 

•1296 

Rhubarb,  ..... 

1-0 

•0648 

Tartar  Emetic,  .... 

•06 

•0038 

3-06 

•1982 

(3.)  Antimonial  Medicines,  chiefly  Veterinary.* 

Liver  of  Antimony  is  a preparation  formerly  much  used  by 
farriers.  It  is  a mixture  of  antimonious  oxide,  sulphide  of  potas- 
sium, carbonate  of  potassium,  and  undecomposed  trisulphide  of 
antimony  (and  may  also  contain  sulphate  of  potassium),  all  in  ^ 
very  undetermined  proportions.  When  deprived  of  the  soluble 
potash  salts,  it  becomes  the  washed  saffron  of  antimony  of  the  old 
pharmacists.  A receipt  for  a grease-ball,  in  a modern  veterinary 
work,  gives,  with  liver  of  antimony,  cream  of  tartar  and  guiacum  \ 
as  ingredients. 

Hind's  Sweating-hall  is  composed  of  CO  grains  (3'888  grms.)  of 
tartar  emetic  and  an  equal  portion  of  assafoetida,  made  up  into  a 


* There  has  long  prevailed  an  idea  (the  truth  of  which  is  doubtful)  that 
antimony,  given  to  animals,  improves  their  condition;  thus,  the  Encydop. 
Brit.,  5th  ed.,  Art.  “Antimony” — “A  horse  that  is  lean  and  scrubby,  and  not  to 
be  fatted  by  any  means,  will  become  fat  on  taking  a dose  of  antimony  every 
morning  for  two  months  together.  A boar  fed  for  brawn,  and  having  an  | 
ounce  of  antimony  given  him  every  morning,  will  become  fat  a fortnight 
sooner  than  others  put  into  the  stye  at  the  same  time,  and  fed  in  the  same  • 
manner,  but  without  the  antimony.”  Probably  the  writer  means  by  the 
term  antimony  the  impure  sulphide. 
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ball  with  liquorice  powder  and  syrup.  The  assafoetidawill  be 
readily  detected  by  the  odour,  and  the  antimony  by  the  methods 
already  recommended. 

Ethiops  of  Antimony^  very  rarely  used  now,  is  the  mechanical 
mixture  of  the  sulphides  of  antimony  and  mercury, — proportions, 
3 of  the  former  to  2 of  the  latter. 

The  Flowers  of  Antimony  is  an  impure  oxysulphide  of  anti- 
mony, with  variable  proportions  of  trioxide  and  undecomposed 
trisulphide. 

Diaphoretic  Antimony  {calcined  antimony')  is  simply  antimoniate 
of  potash. 

Glass  of  Antimony  is  a mixture  of  sulphide  and  oxide  of  anti- 
mony, contaminated  with  a small  quantity  of  silica  and  iron.  A 
quack  pill,  by  name  Ward’s  Red  Fill,  is  said  to  contain  glass 
of  antimony  and  dragon’s  blood. 

Antimonial  Compounds  used  in  Pyrotechny — 

Blue  fire : — 

Antimonious  Sulphide,  ....  1 

Sulphur,  .......  2 

Nitre,  . .......  6 


This  composition  is  used  for  the  blue  or  Bengal  signal-light  at 
sea.  Bisulphide  of  carbon  and  water  are  solvents  which  will 
easily  separate  the  powder  into  its  three^constituents. 


Crimson  fire  : — 

Botassic  Chlorate,  .....  17*25 

Alder  or  Willow  Charcoal,  . . . 4*5 

Sulphur,  . . . . . . 18* 

Nitrate  of  Strontia,  ....  55* 

Antimonious  Sulphide,  . . . . 5*5 


The  spectroscope  will  readily  detect  strontia  and  potassium,  and 
the  analysis  presents  no  difficulty.  In  addition  to  these  a very 
great  number  of  other  pyrotechnical  preparations  contain  antimony. 

§ 143.  Alloys. — Antimony  is  much  used  in  alloys.  The  ancient 
Pocvda  emetica,  or  everlasting  emetic  cups,  were  made  of  antimony, 
and  with  wine  standing  in  them  for  a day  or  two  they  acquired 
emetic  properties.  The  principal  antimonial  alloys  are  Britannia 
and  type  metal,  the  composition  of  which  is  as  follows  : — 


Tin, 

Copper, 

Antimony, 

per  cent. 

per  cent. 

per  cent. 

Best,  . 92*0 

1*8 

6*2 

Common,  92*1 

2*0 

5*9 

For  Castings,  92*9 

1*8 

5*3 

For  Lamps,  94*0 

1*3 

4-7 
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Tea  Lead,  Antimony,  Block  Tin, 
per  cent.  per  cent.  per  cent. 

-r  . , f (1-)  75  20  5 

Type  metal,  ^ ^3  ' yg  25  5 

Metal  for  Stereotype,  . 84 '2  13-5  2-3 

There  is  also  antimony  in  brass,  concave  mirrors,  bell-metal,  &c. 

§ 144.  Pigments. — Cassella  and  Naples  Yellow  are  principally 
composed  of  the  antimoniate  of  lead. 

Antimony  Yellow  is  a mixture  of  antimoniate  of  lead  with  basic 
chloride  of  lead. 

§ 145.  Dose. — A medicinal  dose  of  a soluble  antimonial  saltf  i 
should  not  exceed  a grain  and  a half  (-0648  grm.)  With  cir- 
cumstances favouring  its  action,  a dose  of  2 grains  (T296  grm.) 
has  proved  fatal;*  but  this  is  quite  exceptional,  and  few  medical 
men  would  consider  so  small  a quantity  dangerous  for  a healthy 
adult,  especially  since  most  posological  tables  prescribe  tartar 
emetic  as  an  emetic  in  doses  from  1 to  3 grains  ('0648  to  •1924- 
grm.).  The  smallest  dose  which  has  killed  a child  appears  to  be 
f of  a grain  (’048  grm.).t  The  dose  of  tartar  emetic  for  horses 
and  cattle  is  very  large,  as  much  as  90  grains  (5'832  grins.) 
being  often  given  to  a horse  in  his  gruel  three  times  a day.  60 
grains  (3'8  grms.)  are  considered  a full,  but  not  an  excessive,  dose 
for  cattle  ; 6 grains  are  used  as  an  emetic  for  pigs,  and  half  this 
quantity  for  dogs. 

§ 146.  Detection  of  Antimony  in  Organic  Matters. — In  acute- 
poisoning  by  tartar  emetic  it  is  not  impossible  to  find  a mere  trace 
only  in  the  stomach,  the  greater  part  having  been  expelled  by  ■ 
vomiting,  which  nearly  always  occurs  early,  so  that  the  most 
certain  method  is,  where  possible,  to  analyse  the  vomit.  In 
cases  of  slow  poisoning  the  brain  and  spinal  cord  should  always 
be  examined  ; for,  like  arsenic,  antimony  accumulates  in  the 
nervous  tissues.  J If  it  should  be  suspected  that  a living  person 
is  being  slowly  poisoned  by  antimony,  it  must  be  remembered 
that  the  poison  is  mainly  excreted  by  the  kidneys,  and  the  urine* 
should  afibrd  some  indication.  The  readiest  way  to  test  is  to 
collect  a considerable  quantity  of  the  urine  (if  necessary,  two  or  I 
three  days’  excretion),  concentrate  by  evaporation,  acidify,  and  j 
then  transfer  the  liquid  to  a platinum  dish,  in  which  is  placed  a i( 
slip  of  zinc.  The  whole  of  the  antimony  is  in  time  deposited  on  \ 
the  platinum  dish,  and  being  thus  concentrated,  maybesubse->  ^ 
quently  identified  in  any  way  thought  fit. 

Organic  liquids  are  boiled  with  hydrochloric  acid ; organic  ' 
solids  are  extracted  with  the  same  acid  in  the  manner  described, 

* Taylor:  Gary's  Hospital  Reports,  Oct.,  1857.  t Op.  cit. 

X Millon  ct  Reiset.  Ann.  de  Chimie,  1845,  787* 
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p.  244  ; or,  if  the  distillation  process  given  at  p.  399  be 
employed,  the  antimony  may  be  found  partly  in  the  distillate, 
and  partly  in  the  retort.  In  any  case,  antimony  in  solution 
may  be  readily  detected  in  a variety  of  ways,  one  of  the  most 
convenient  being  to  concentrate  on  tin  or  platinum,  to  dissolve 
off  the  antimonial  film  by  sulphide  of  ammonium,  and  thus 
produce  the  very  characteristic  oi’ange  sulphide. 

If  a slip  of  pure  tinfoil  be  suspended  for  six  hours  in  a 
solution,  which  should  not  contain  more  than  one-tenth  of  its 
bulk  of  HCl,  and  exhibit  no  stain  or  deposit,  it  is  certain  that 
antimony  cannot  be  present.  Antimony  may  also  conveniently 
be  deposited  on  a platinum  dish,*  by  filling  the  same  with  the 
liquid  properly  acidulated,  and  inserting  a rod  of  zinc  ; the 
metallic  antimony  can  afterwards  be  washed,  dried,  and  weighed. 

Reinsch’s  and  Marsh’s  tests  have  been  already  described 
(pp.  383,  385),  and  require  no  fui-ther  notice.  There  is,  how- 
ever, a very  beautiful  and  delicate  means  of  detecting  anti- 
mony, which  should  not  be  omitted.  It  is  based  upon  the 
action  of  stibine  (SbHg)  on  sulphur.f  When  this  gas  is 
passed  over  sulphur,  it  is  decomposed  according  to  the  equa- 
tion, 2SbH3  -t-  6S  = SbgSg  + 3SH2,  the  action  taking  place  slowly 
in  diffused  daylight,  but  very  rapidly  in  sunshine.  An 
ordinary  flask  for  the  evolution  of  hydrogen  (either  by  gal- 
vanic processes  or  from  zinc  and  sulphuric  acid),  with  its 
funnel  and  drying-tubes,  is  connected  with  a narrow  tube 
having  a few  fragments  of  sulphur,  kept  in  place  by  plugs  of 
cotton  wool.  The  whole  ap{)aratus  is  placed  in  sunshine ; if 
no  orange  colour  is  produced  when  the  hydrogen  has  been 
passing  for  some  time,  the  liquid  to  be  tested  is  poured  in 
gradually  through  the  funnel,  and  if  antimony  shoiild  be  present, 
the  sulphur  acquires  a deep  orange  colour.  This  is  distinct  even 
when  so  small  a quantity  as  ‘0001  grain  has  been  added  through 
the  funnel.  The  sulphide  of  antimony  thus  mixed  with  sulphur 
can,  if  it  is  thought  necessary,  be  freed  from  the  sulphur  by 
repeated  exhaustion  with  bisulphide  of  carbon.  The  stibine 
does  not,  however,  represent  all  the  antimony  inti’oduced,  a very 
large  proportion  remaining  in  the  evolution  flask  hence  it 

* According  to  Fresenius  {Zeitscliv.f.  Ann.  Chem.,  i.  44.5),  a soUition  which 
contains  of  its  weight  of  antimony,  treated  in  this  way,  gives  in  two 

minutes  a brown  stain,  and  in  ten  a very  notable  and  strong  dark-brown 
film.  When  in  the  proportion  of  1 to  20,000,  the  reaction  begins  to  be  cer- 
tain after  a quarter  of  an  hour  ; with  greater  dilution  it  requires  longer 
time,  1 to  40,000  giving  a doubtful  reaction,  and  1 to  50,000  not  responding 

it  all  to  this  test.  r,  • , 

+ See  Ernest  Jones  on  Stibine,  Journ._  Chem.  Soc.,  1.,  18/G. 

+ Rieckher : Jahresbericht,  18(55,  p.  255. 
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cannot  be  employed  for  quantitative  purposes.  Moreover,  the 
test  can,  of  course,  only  be  conveniently  applied  on  sunny  days, 
and  is  therefore  in  England  more  adapted  for  summer.*  Often, 
however,  as  mentioned  elsewhere,  when  the  analyst  has  no  clue 
whatever  to  the  nature  of  the  poison,  it  is  convenient  to  pass 
SHg  in  the  liquid  to  saturation.t  In  such  a case,  if  antimony  is. 
present  (either  alone  or  in  combination  with  other  sulphides),  it 
remains  on  the  filter,  and  must  be  separated  and  identified  as. 
follows  .• — The  sulphides  are  first  treated  with  a solution  of  car- 
bonate of  ammonia,  which  will  dissolve  arsenic,  if  present,  and 
next  saturated  in  situ  with  pure  sulphide  of  sodium,  which  will 
dissolve  out  sulphide  of  antimony,  if  present.  The  sulphide  of 
antimony  will  present  the  chemical  characters  already  described, 
more  particularly — 

(1.)  It  will  evolve  SHg  when  treated  with  HCl,  and  at  the^ 
same  time  pass  into  solution.;}; 

(2.)  The  solution  evaporated  to  get  rid  of  free  HCl  gives 
Avith  water  a thick  cheesy  precipitate  of  basic  chloride  of  anti- 
mony. This  may  be  seen  if  only  a drop  or  two  of  the  solution  is 
taken  and  tested  in  a watch-glass. 

(3.)  If  tartaric  acid  be  added  to  the  solution,  this  jArecipitation 
does  not  occui'. 

(4.)  The  solution  from  (3.)  gives  an  orange  pi’ecipitate  Avith 
SH,. 

Such  a substance  can  only  be  sulphide  of  antimony.  With 
regard  to  (2.),  bismuth  would  act  similarly,  but  under  the  cir- 
cumstances could  not  be  present,  for  the  sulphide  of  bismuth  is 
insoluble  in  sodic  sulphide. 

§ 147.  Quantitative  Estimation. — The  quantitative  estimation 
of  antimony  is  best  made  by  some  volumetric  process — e.^.,  the 
sulphide  can  be  dissolved  in  HCl,  some  tarti'ate  of  soda  added, 
and  then  carbonate  of  soda  to  weak  alkaline  reaction.  The 
strength  of  the  solution  of  tartarised  antimony  thus  obtained 
can  now  be  estimated  by  a decinormal  solution  of  iodine, 

* The  action  of  salts  of  caesium  with  chloride  of  antimony  might  be  used 
as  a test  for  the  latter.  A salt  of  caesium  gives  a white  precipitate  with 
chloride  of  antimony  iu  concentrated  CIH ; it  contains  30*531  per  cent,  of 
antimony,  and  corresponds  to  the  formula  SbClsCsCl.  Chloride  of  tin  acts 
similarly. — E.  GodefFroy:  Berichte  der  Deutschen  Ocsellschaft.  Berlin,  1874. 

t The  solution  must  not  be  too  acid. 

X By  adding  chloride  of  tin  to  a solution  of  chloride  of  antimony  in  suffi- 
cient quantity,  and  passing  SO2  through  the  liquid,  the  whole  of  the  anti- 
mony can  be  thrown  down  as  sulphide,  whilst  the  tin  remains  in  solution. 
Thus, — 

9SnCl2  + 2SbCl3  -f  3SO2  -I-  12C1H  = Sb2S3  -1-  OSnCb  -t  COHj. 

— Federow : Zeitschrift fur  Chemie,  1869,  16. 
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the  end  reaction  being  indicated  by  the  previous  addition  of  a 
little  starch  solution,  or  by  a solution  of  permanganate  of  potash, 
either  of  which  should  be  standardised  by  the  aid  of  a solution  of 
tartar  emetic  of  known  strength. 
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III.— CADMIUM. 

§ 148.  Cadmium,  Cd  = 112;  specific  gravity,  8‘6  to  8*69;  fusing 
point,  227  •8°C.  (442°F.)j  boiling  point,  860°C.  (1580°F.)— Cad- 
mium in  analysis  is  seldom  separated  as  a metal,  but  is  estimated 
either  as  oxide  or  sulphide. 

§ 149.  Cadmium  Oodde,  CdO  = 128 — cadmium  87‘5  per  cent., 
oxygen  12-5  per  cent. — is  a yellowish  or  reddish-brown  powder, 
non-volatile  even  at  a white  heat ; insoluble  in  water,  but  dis- 
solving in  acids.  Ignited  on  charcoal,  it  is  reduced  to  metal,  which 
volatilises,  and  is  then  deposited  again  as  oxide,  giving  to  the 
coal  a distinct  coat  of  an  orange-yellow  colour  in  very  thin  layers 
— in  thicker  layers,  brown. 

§ 150.  Cadmium  Sulphide,  CdS=144 — Cd  77  to  78  per  cent., 
S 22  to  23  per  cent. — known  as  a mineral  termed  Greenockite. 
When  prepared  in  the  wet  way  it  is  a lemon-yellow  powder, 
which  cannot  be  ignited  in  hydrogen  without  loss,  and  is  insol- 
uble in  water,  dilute  acids,  alkalies,  alkaline  sulphides,  sulphate 
of  soda,  and  cyanide  of  potassium.  The  solution  must  not  con- 
tain too  much  hydrochloric  acid,  for  the  sulphide  is  readily 
soluble  with  separation  of  sulphur  in  concentrated  hydrochloric 
acid.  It  may  be  dried  in  the  ordinary  way  at  100°C.  without 
suffering  any  decomposition. 

§ 151.  Medical  Preparations. — The  Iodide  of  Cadmium  (Cdl^) 
occurs  in  white  fiat  micaceous  crystals,  melting  at  about  315'5°C. 
(600°F.),  and  at  a dull  red  heat  giving  off  violet  vapour.  In 
solution  the  salt  gives  the  reactions  of  iodine  and  cadmium.  The 
B.  P.  states  that  10  grains  dissolved  in  water  give  a precipitate, 
which,  after  being  washed  with  water,  and  then  with  half  an 
ounce  of  solution  of  ammonium,  and  dried,  weighs  12‘5  grains 
hr  1 grm.  gives  a silver  precipitate  weighing  1'25  grm.)  The 
)intment  of  iodide  of  cadmium  {Unguentum  cadmii  iodidi)  con- 
tains the  iodide  in  the  proportion  of  62  grains  to  the  ounce,  or 
■ 2-9  per  cent. 

Cadmium  Sulphate  is  officinal  in  the  German  and  French 
)harmacopeias. 

§ 152.  Cadmium  in  the  Arts,  &c. — Cadmium  is  used- in  various 
Hoys.  The  sulphide  is  found  as  a colouring  ingredient  in 
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certain  toilet-soaps,  and  it  is  mncli  valued  by  artists  as  a 
pigment.  The  iodide  of  cadmium  is  employed  in  photography 
and  an  amalgam  of  metallic  cadmium  to  some  extent  in  dentistry 

§ 153.  Fatal  Dose  of  Cadmium. — Although  no  deaths  from 
cadmium  appear  to  have  as  yet  occurred,  its  growing  use  ir 
photography,  &c.,  may  lead  to  accidents.  There  can  be  no  ques 
tion  about  the  poisonous  action  of  cadmium,  for  Marme  * ir  » 
his  expex'iments  with  it  on  animals  observed  giddiness,  vomits  « 
ing,  syncope,  difficulty  in  respiration,  loss  of  consciousness,  and  I 
cramps.  The  amount  necessary  to  destroy  life  can  only  bai  j 
gathered  from  the  experiments  on  animals:  a strong  hound  diec-  ; 
after  the  injection  of  '03  grm.  ('462  gi’ain)  subcutaneously  O’ 
a salt  of  cadmium;  kittens  are  poisoned  if  from  '30  to  ffi  grair. 
(•0194  to  -0388  grm.)  are  introduced  into  the  stomach.  A watery 
solution  of  -5  grm.  (7'5  grains)  of  the  bi'omide  administered  tc 
a dove  caused  instant  death,  without  convulsion ; the  same  dos(< 
of  the  chloride  killed  a second  dove  in  six  minutes.  ‘25  grm 
(3 ’85  grains)  of  sulphite  of  cadmium  administered  to  a pigeon 
excited  vomiting,  and  after  two  hours  diarrhoea ; it  died  ir 
eight  days.  Another  pigeon  died  from  a similar  dose  in  four 
teen  days,  and  cadmium,  on  analysis,  was  separated  from  tin 
liver.  From  the  above  cases  it  would  seem  probable  that  i 
drachm  would  be  a dangerous  dose  of  a soluble  salt  of  cadmium 
and  that  in  a case  of  chronic  poisoning  it  would  most  probabl} 
be  found  in  the  liver. 

§ 154.  Separation  and  Detection  of  Cadmium. — If  cadmium  b( 
in  solution,  and  the  solution  is  not  too  acid,  on  the  addition  o 
SHg  there  is  precipitated  a yellow  sulphide,  which  is  disi 
tinguished  from  antimony  and  arsenical  sulphides  by  its  insolu 
bility  in  ammonia  and  alkaline  sulphides.  Should  all  three  sul 
phides  be  on  the  filter  (an  occurrence  which  will  seldom,  perhaps 
never,  happen),  the  sulphide  of  arsenic  can  be  dissolved  out  by 
ammonia,  the  antimony  by  sulphide  of  sodium,  leaving  thd 
sulphide  of  cadmium  as  the  residue.! 

The  further  tests  of  the  sulphide  are  : — 

(1.)  It  dissolves  in  dilute  nitric  acid  to  a colourless  fluid,  with 
separation  of  sulphur. 

(2.)  The  solution  filtered  and  freed  from  excess  of  nitric  acid* 
by  evaporation,  gives  a white  j)recipitate  of  carbonate  of  cad-, 
miura  insoluble  in  excess.  Tliis  distinguishes  it  from  zincj 
which  gives  a similar  white  precipitate,  but  is  soluble  in  excess^ 
of  the  precipitant. 

* Zp.iUct\r.  f.  Rationdle  Med.,  xxix.  1.  1867.  I 

t It  is  unnecessary  to  state  that  absence  of  sulphur  is  supposed. 
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1 (3.)  The  carbonate  thus  obtained,  treated  in  platinum  foil,  is 

changed  into  the  brown-red  non-volatile  oxide. 

(4.)  The  oxide  behaves  in  charcoal  as  already  detailed. 

(5.)  A metallic  portion  can  be  obtained  by  melting  the  oxide 
Avith  cyanide  of  potash ; it  is  between  zinc  and  tin  in  brilliancy, 
and  makes  a mark  on  paper  like  lead,  but  not  so  readily. 

: There  are  many  other  tests,  but  the  above  are  conclusive. 

If  cadmium  in  any  case  be  specially  searched  for  in  the  organs 
or  tissues,  the  latter  should  be  boiled  Avith  nitric  acid.  The 
^ acid  solution  is  filtered,  saturated  with  caustic  potash,  evaporated 
U to  dryness,  and  ignited;  the  residue  is  dissolved  in  dilute  hydro- 
li  chloric  acid,  and  treated  after  filtration  with  SHg.  Cadmium 
j may  also  be  estimated  volumetrically  by  digesting  the  sulphide 
- in  a stoppered  fiask  Avith  ferric  chloifide  and  hydrochloric  acid ; 
; the  resulting  ferrous  compound  is  titrated  Avith  permanganate, 
{ each  cc.  of  a d.n.  solution  of  permanganate  = ‘0056  grm.  of 
h cadmium. 
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(II.)  PRECIPITATE  BY  HYDRIC  SULPHIDE  IN  HYDRO- 
CHLORIC ACID  SOLUTION— BLACK. 

LEAD— COPPER— BISMUTH— SILVER— MERCURY. 
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I.  LEAD. 

§ 155.  Lead  and  its  Oxides.— is  a Avell-knoAvn  bluish- 
^hite, soft  metal;  fusing  point,  325°C.;  specific  gravity,  11 -36. 
Ooddes  of  Zead— The  two  oxides  of  lead  necessary  to  notice 
ere  briefly  are — litharge  and  minium. 

Litharge,  or  Oxide  of  Lead,  PbO  = 223  ; specific  gravity,  9-2  to 
•5— Pb  92-82  per  cent.,  O 7-18— is  either  in  crystalline  scales, 
fused  mass,  or  a powder,  varying  in  colour  (according  to  its 
lode  of  preparation)  from  yellow  to  reddish-yelloAV  or  orange. 
7hen  prepared  beloAV  the  temperature  of  fusion  it  is  called 
massicot."  It  may  be  fused  Avithout  alteration  in  AA^eight ; in 
state  of  fusion  it  dissolves  silica  acid  and  silicates  of  the  earths. 
: must  not  be  fused  in  platinum  Axssels. 

Minium,  or  Red  Lead,  2Pb0,Pb02;  specific  gravity  9-08,  is  a 
impound  of  protoxide  of  lead  with  the  dioxide.  It  is  of  a 
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brilliant  red  colour,  much  used  in  the  arts,  and  especially  in  th 
preparation  of  flint-glass. 

§ 156.  Sulphide  of  Lead,  PbS  = 239 ; Pb  86*61  per  cent., 
13*39  per  cent.,  occurring  in  the  usual  way,  is  a black  precipitate 
insoluble  in  water,  dilute  acids,  alkalies,  and  alkaline  sulphiden 
It  dissolves  in  strong  nitric  acid  with  separation  of  sulphui 
in  strong  hydrochloric  acid  with  evolution  of  SHg.  Fumin 
nitric  acid  does  not  separate  sulphur,  but  converts  the  sulphid 
into  sulphate. 

§ 157.  Sulphate  of  Lead,  PbSO^  = 303;  specific  gravity,  6*3 
PbO  73*61  per  cent.,  SOg  26*39  per  cent. — when  produced  art)r 
ficially  is  a heavy  white  powder,  of  great  insolubility  in  watei 
22,800  parts  of  cold  water  dissolving  only  one  of  lead  sulphate, 
and  if  the  water  contains  sulphuric  acid,  no  less  than  36,500  part 
of  water  are  required.  The  salts  of  ammonia  (especially  thr 
acetate  and  tartrate)  dissolve  the  sulphate,  and  it  is  also  solubln 
in  hyposulphite  of  soda.  The  sulphate  can  be  readily  changec* 
into  the  carbonate  of  lead,  by  boiling  it  with  solutions  of  thi 
alkaline  carbonates.  The  suljDhate  of  lead,  fused  with  cyanidi 
of  potassium,  yields  metallic  lead ; it  may  be  also  reduced  oi 
charcoal,  and  alone  it  may  be  fused  without  decomposition 
provided  reducing  gases  are  excluded. 

§ 158.  Acetate  of  Lead,  Sugar  of  Lead,  Pb(C2H302)230H2,  if 
found  in  commerce  in  white  spongy  masses  composed  of  aciculai 
crystals.  It  may,  however,  be  obtained  in  flat  foui*-sided  prisms. 
It  has  a sweet  metallic  taste,  is  soluble  in  water,  and  responds 
to  the  usual  tests  for  lead.  The  P.B.  directs  that  38  grms.  dis 
solved  in  water,  require,  for  complete  precipitation,  200  grair^ 
measures  of  the  volumetric  solution  of  oxalic  acid,  corresponding 
to  22*3  gi'ms.  of  oxide  of  lead. 

§ 159.  Chloride  of  Lead,  PbCl2=278;  specific  gravity,  5*8— 
Pb  74*48  per  cent..  Cl  25*52  per  cent. — is  in  the  form  o 
brilliant  crystalline  needles.  It  is  very  insoluble  in  cold  watei 
containing  hydrochloric  or  nitric  acids.  According  to  Bischof; 
1635  parts  of  water  containing  niti'ic  acid  dissolve  one  part  onl} 
of  chloride  of  lead.  It  is  insoluble  in  absolute  alcohol,  anci 
sparingly  in  alcohol  of  70  to  80  per  cent.  It  fuses  below  rec 
heat  without  losing  weight ; at  higher  temperatures  it  may  be 
decomposed. 

§ 160.  Carbonate  of  Lead. — The  commercial  carbonate  of  leact 
(according  to  the  recent  very  exhaustive  researches  of  Wignei 
and  Harland*)  is  composed  of  a mixture  of  neutral  carbonate  o; 
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• On  the  Composition  of  Commercial  Samples  of  White  Lead,  by  G.  Wj 
Wigner  and  K.  H.  Ha.rla,nd.—A?ialyst,  1877,  p.  208. 
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I lead  and  hydrate  of  lead;  the  best  mixture  being  25  per  cent,  of 
hydrate,  corresponding  to  an  actual  percentage  of  12 ‘3  per  cent, 
cai’bonic  acid.  The  nearer  the  mixture  approximates  to  this 
composition  the  better  the  paint;  whilst  samples  containing  as 
much  as  16‘33  per  cent.,  or  as  little  as  10’39  per  cent.,  of  CO2 
are  practically  useless. 
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§ 161.  Freparations  of  Lead  used  in  Medicine,  the  Arts,  dtc. 

(1.)  Pharmaceutical: — 

Lead  Plaster  [Emplastrum  plumhi)  is  simply  a lead  soap,  in 
which  the  lead  is  combined  with  oleic  and  margaric  acids. 

Lead  Iodide,  Pbl,,  is  contained  in  the  Emplastrum  plumhi 
iodidi,  to  the  extent  of  20  per  cent.,  and  in  the  Unguentum 
plumhi  iodidi  to  the  extent  of  about  1 1 *4  per  cent. 

Acetate  of  Lead  is  contained  in  a pill,  a suppository,  and  an 
ointment.  The  pill,  Pihda  plumbic  opio,  contains  74  per  cent,  of 
lead  acetate,  and  12 '5  per  cent,  of  opium,  the  rest  confection  of 
roses.  The  suppository  {Suppositoria  plumhi  composita)  contains 
20  per  cent,  of  acetate  of  lead,  and  10  per  cent,  of  opium,  mixed 
with  oil  of  theobroma,  white  wax,  and  benzoated  lard.  The 
ointment  { Unguentum  plumhi  acetatis)  contains  24  per  cent,  of  lead 
acetate,  mixed  with  benzoated  lard. 

The  solution  of  subacetate  of  lead  {Liquor  plumhi  suhacdatis)  is 
the  subacetate,  Pb(C2H302)2Pb0,  dissolved  in  water.  The  P.B. 
states  that  413'3  grains  by  weight  (6  fluid  drachms)  require  for 
perfect  precipitation  810  grain  measures  of  the  volumetric  solu- 
tion of  oxalic  acid,  corresponding  to  about  30  grains  of  lead. 
In  other  words,  the  solution  must  contain  at  least  8T  per  cent. 
3f  oxide  of  lead. 

A dihite  solution  of  the  stronger,  under  the  name  of  Liquor 
olumhi  suhacetatis  dilutus,  and  commonly  called  Goulard  water,  is 
prepared  by  mixing  1’25  part  (by  volume)  of  the  solution,  and 
I ’25  part  of  spirit,  and  making  up  to  100  parts  with  distilled 
vater. 

There  is  an  ointment,  called  the  Compound  Ointmerd,  of  sub- 
Lcetate  of  lead,  which  contains  the  subacetate  in  about  the 
>roportion  of  2 per  cent  of  the  oxide,  the  other  constituents  being 
amphor,  white  wax,  and  almond  oil. 

Carbonate  of  Lead.— -The  ointment  {Unguentum  plumhi  car- 
onatis)  should  contain  about  11  *4  per  cent  of  the  carbonate,  and 
he  rest  simple  ointment. 

(2.)  Quack  Nostrums,  tfec. : — 

The  quack  medicines  composed  of  lead  are  not  very  numerous. 
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Liebert’s  Cosmetique  Infaillible  is  said  to  have  for  its  bas  j 
nitrate  of  lead. 

One  of  Ali  Ahmed's  Treasures  of  the  Desert,"  viz.,  the  autoseptr 
malagma,  is  a plaster  made  np  of  lead  plaster  37 ‘5  per  cent 
gum  thus  25  per  cent.,  salad  oil  25  per  cent.,  beeswax  12 ‘5  p( 
cent. 

Lewis'  Silver  Cream  contains  white  precipitate  and  a salt  ( ' 1 
lead. 

Goulard's  Balsam  is  made  by  triturating  acetate  of  lead  wit 
hot  oil  of  turpentine. 

Tliere  are  various  ointments  in  use  made  up  of  lithargr 
Some  herbalists  in  the  country  (from  cases  that  have  come  unde 
the  writer’s  own  knowledge)  apply  to  cancerous  ulcers,  &c.,  a lin 
ment  of  linseed  and  other  common  oils  mixed  with  lithargi 
and  acetate  of  lead. 

Acetate  of  lead  may  be  also  found  as  a constituent  of  varior 
eye-waters. 

(3.)  Preparations  of  Lead  used  in  the  Arts,  &c. : — 

Ledoyen's  Disinfecting  Fluid  has  for  its  basis  nitrate  of  lead. 

In  various  hair-dyes,  the  following  are  all  used : — Litharge 
lime,  and  starch  ; lime  and  carbonate  of  lead  ; lime  and  acetat 
of  lead ; litharge,  lime,  and  potassic  bicarbonate.  The  detei 
tion  of  lead  in  the  hair  thus  treated  is  extremely  easy ; it  ma: 
be  dissolved  out  by  dilute  nitric  acid. 

Ijead  Pigments. — The  principal  pigments  of  lead  are  whit( 
yellow,  aiifl  red. 

White  Pigments: — 

White  Lead,  Flake  White,  Ceruse,  Mineral  White,  are  so  man- 
different  names  for  the  carbonate  of  lead  already  described. 

Newcastle  White  is  white  lead  made  with  molasses  vinegar. 

Nottingham  White. — White  lead  made  with  alegar  (sour  ale» 
often,  however,  replaced  by  permanent  white,  i.e.,  sulphate  o- 
baryta. 

Miniature  Painters'  White,  White  Precipitate  of  Lead,  is  simpl 
lead  sulphate. 

Pattison's  White  is  an  oxychloride  of  lead,  PbCl2PbO. 

Yellow  Pigments: — 

Chrome  Ydlow  may  be  a fairly  pure  chromate  of  lead,  or  it  mat 
be  mixed  with  sulj)hates  of  lead,  barium,  and  calcium.  Th 
pigment  known  as  Cologne  yellow  consists  of  25  pai’ts  of  lea# 
chromate,  15  of  lead  sulphate,  and  60  of  calcic  sulphate.  Th! 
easiest  method  of  analysing  chrome  yellow  is  to  extract  wit* 
boiling  hydrochloric  acid  in  the  presence  of  alcohol,  which  du 
solves  the  chromium  as  chloride,  and  leaves  x;ndissolved  chlorid' 
of  lead,  sulphate  of  lead,  and  other  substances  insoluble  in  CIH 


§ 162.] 


LEAD. 


415 


I 

I 


Every  grain  of  chromate  of  lead  should  yield  0*24  grain  of  oxide 
of  chromium,  and  0’4  grain  of  chloride  of  lead. 

Turner's  Yellow,  Cassella  Yellow,  Patent  Yellow,  is  an  oxychlo- 
ride of  lead  (PbClgTPbO)  extremely  fusible. 

Dutch  Pink  sometimes  contains  white  lead. 

Ped  Pigments: — 
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Chrome  Red  is  a bichromate  of  lead. 

Red  Lead  or  Minium,  is  the  red  oxide  of  lead. 

Orange  Red  is  an  oxide  prepared  by  calcining  the  carbonate. 

The  chief  preparations  of  lead  which  may  be  met  with  in  the 
arts,  in  addition  to  the  oxides  and  the  carbonate,  are — 

The  Nitrate  of  Lead,  much  used  in  calico-printing. 

The  Pyrolignite  of  Lead,  which  is  an  impure  acetate  used  in 
dyeing ; and 

The  Sulphate  of  Lead  is  a by-product  in  the  preparation  of 
acetate  of  aluminium  for  dyeing. 

The  alloys  containing  lead  are  extremely  numerous ; but, 
according  to  the  experiments  of  Knapp,*  the  small  quantity 
of  lead  in  those  used  for  household  purposes  has  no  hygienic 
importance. 

§ 162.  Lead  as  a Poison. — All  the  compounds  of  lead  are  said 
to  be  poisonous ; but  this  statement  cannot  be  regarded  as  entirely 
correct,  for  the  sulphocyanide  has  been  proved  by  experiment  not 
to  be  so,t  and  the  sulphide  is  also  probably  inactive.  In  the 
treatment  of  cases  of  lead  poisoning,  however,  the  flowers  of 
sulphur  given  internally  appears  to  be  successful.  J 

Lead  poisoning,  either  in  its  obscure  form  (producing  uric  acid 
in  the  blood,  and,  as  a consequence,  indigestion  and  other  evils), 
or  in  the  acute  form  (as  lead  colic  and  various  nervous  affections), 
is  most  frequent  among  those  who  are  habitually  exposed  to  the 
influence  of  the  metal  in  its  different  preparations,  viz. — workers 
of  lead,  house-painters,  artists,  gilders,  workers  of  arsenic, 
workers  of  gold,  calico-printers,  colourists,  type-founders,  type- 
setters, shot-founders,  potters,  faience  makers,  braziers,  and 
many  others. § 

Lead,  again,  has  been  found  by  the  analyst  in  most  of  the 
ordinary  foods,  such  as  flour,  bread,  beer,  cider,  wines,  spirits,  tea, 
vinegar,  sugar,  confectionery,  &c.,  as  well  as  in  numerous  drugs, 
eiipecially  those  manufactured  by  the  aid  of  sulphuric  acid  (the 


• Dingl.  Prolyt.  Journ.,  ccxx.  446-45.3. 

+ Eulenberg,  “Gewerbe  Hygiene,”  p.  712. 
t “ Mohr’s  Toxicologie,”  78. 

g The  attention  which  the  use  of  lead  in  the  arts  has  always  excited  is 
evident  from  the  fact  that  one  of  the  oldest  works  on  Trade  Hygiene  (by 
Stockhausen)  is  entitled,  “De  lithargyrii  fumo  noxio,  morbifico  ejusque 
uetallico  frequentiori  morbo,  vulgo  dicto  huttenkatze,"  Goslar,  1556. 
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latter  nearly  always  containing  lead),  and  those  salts  or  chemice 
products  which  (like  citric  and  tartaric  acids)  are  crystallised  i 
leaden  pans.  Hence  it  follows  that  in  almost  everything  eate> 
or  drunk  the  analyst,  as  a matter  of  routine,  tests  for  lead.  Th 
channels  through  which  it  may  enter  into  the  system  are,  hov 
ever,  so  perfectly  familiar  to  practical  chemists,  that  a few  unusut 
instances  of  lead-poisoning  only  need  be  quoted  here. 

A cabman  suffered  from  lead  colic,  traced  to  his  taking  the  firs 
glass  of  beer  every  morning  at  a certain  public-house ; the  bee- 
standing  in  the  pipes  all  night,  as  proved  by  analysis,  was  strongl 
impregnated  with  lead.* 

The  employment  of  red  lead  for  repairing  the  joints  of  steal; 
pipes  has  before  now  caused  poisonous  symptoms  from  volatilis;- 
tion  of  lead,  f The  use  of  old  painted  wood  in  a baker’s  ovei- 
and  subsequent  adherence  of  the  oxide  of  lead  to  the  outside  ( 
the  loaves,  has  recently  caused  the  illness  of  sixty-six  people.  J ; 

Seven  persons  became  affected  with  lead-poisoning  throng; 
horse-hair  coloured  with  lead.§ 

The  manufacture  of  American  overland  cloth  creates  a white 
lead  dust,  which  has  caused  serious  symptoms  among  th 
workmen  {Dr.  G.  Johnson).  The  cleaning  of  pewter  j^ots,  ||  th 
handling  of  vulcanised  rubber,^  the  wraj^ping  up  of  varioii 
foods  in  tinfoil,  **  have  all  caused  accidents  in  man. 

Cattle  are  also  more  or  less  frequently  poisoned  by  lead.  I 
one  case  under  the  writer’s  notice,  a field  had  been  manure* 
with  the  refuse  of  a plumber’s  yard;  the  young  cattle,  attracte 
by  the  linseed  oil,  greedily  ate  the  lumps  of  paint  scattered  abou 
the  field,  with  a fatal  result  in  many  instances. ft  Casks  repaire 
with  old  lead  have  been  used  in  the  mashing  of  malt;  th 
malt  subsequently  given  to  cattle  has  caused  death.  ||  Tayld 
also  relates  the  curious  instance  of  the  death  of  cattle  fror 
eating  grass  covered  with  the  splashes  of  lead  coming  from 
butts.  §§ 

TJie  lead  in  glass,  though  in  the  form  of  an  insoluble  silicate 
is  said  to  have  been  dissolved  by  vinegar  and  other  acid  fluids  t 
a dangerous  extent.  This,  however,  is  hardly  well  established.  ||. 


* Chem.  Neios.  fEulenberg,  op.  cit.,  708. 

+ Annales  J Hygiene.  § Hitzig,  “ Studien  iiber  Bleivergiftung.” 

II  Med.  Gazette,  xlviij.  1047.  H Pharm.  Journ.,  1870,  426. 

**  Taylor,  “Prin.  Med.  Jurisprudence,”  I. 

-f-t  The  symptoms  in  these  cattle  were  those  of  uraemic  poisoning ; in  on< 
there  was  blindness  (Retinitis  albuminuria),  and  the  kidneys  were  degent 

rated  precisely  as  in  Bright’s  disease.  

Eulenberg,  op.  cit.,  707.  §§  Taylor, "op.  cit.^S 

nil  See  AertzL  1 ntelligenzhlatt.  f.  Baiern.,  Jahr.,  1869;  Buchner's  Rep- j 
Pharm.  Bd.  19,  p.  1;  Med.  Centrhl.,  Jahr.,  1869,  p.  40. 
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Localisation  of  Lead  in  th&  Human  Body. — According  to 
Heubel  ,*  the  osseous  tissues  take  up  most  lead,  then  the  kidneys 
and  liver,  the  brain  and  spinal  cord,  and,  lastly,  the  muscles, 
heart,  and  lungs ; the  latter  organs  standing  last.  It  is  of  no 
value  to  search  the  blood  for  lead ; for  although  Tiedemann, 
Gmelin,  Lassaigne,  Chevallier,  and  others  have  frequently  done 
so,  only  traces  have  been  found.  It  nevertheless  is  taken  up  by 
the  blood,  and  forms  with  organic  bodies  compounds  soluble  with 
difficulty. 

Without  going  so  far  as  to  say  that  lead  is  a natural  constituent 
of  the  body,  it  is  certain  that  it  may  be  frequently  met  with  in 
persons  who  have  been  apparently  perfectly  healthy,  and  quite 
free  from  all  symptoms  of  lead  poisoning.  Legrip  found  in  the 
liver  and  spleen  of  a healthy  person,  5 '4  mgrms.  of  lead  oxide 
in  every  kilogram;  Oidtmann,  in  the  liver  of  a man  56  years  of 
I age,  1 mgrm.  of  lead  oxide  per  kilogram,  and  in  the  spleen  3 
mgrms.  per  kilogram.  Hence  the  analyst  in  searching  for  poison 
must  be  very  careful  in  his  conclusions.  Grave  and  serious 
errors  may  also  arise  from  complications ; suppose,  e.g.^  that  a 
deceased  person  previous  to  death  had  partaken  of  game,  and 
inadvertently  swallowed  a shot — if  the  analyst  had  not  carefully 
searched  the  contents  of  the  stomach  for  solid  bodies,  but  merely 
treated  them  at  once  with  acid  solvents,  he  would  naturally  get 
very  decided  lead  reactions,  and  would  possibly  conclude,  and 
give  evidence  to  the  effect,  that  a poisonous  soluble  salt  of  lead 
had  been  administered  shortly  before  death. 

1 § 163.  Detection  and  Estimation  of  Lead. — A great  number  of 

fluids  (such  as  beer,  wines,  vinegar,  water,  &c.),  if  they  contain 
1 anything  like  the  amount  of  one-tenth  of  a milligramme  in  100  cc. 
j will  give  a very  marked  dark  colour  with  SHg.  It  is,  however, 
f usually  safest  in  the  first  place  to  concentrate  the  liquid,  to  add 
' an  acid,  and  deposit  the  lead  on  platinum,  in  the  way  to  be  shortly 
■ ilescidbed.  Nearly  all  the  lead  from  oils  and  fatty  matter  may 
be  dissolved  out  by  shaking  up  the  fat  with  dilute  nitric  acid ; 
if  necessary,  the  fat  should  previously  be  melted. 

If  (in  the  usual  course  of  routine  research)  a hydrochloric  acid 
'Olution  is  obtained  from  the  treatment  or  destruction  of  organic 
substances  by  that  agent,  and  lead  sulphide  (mixed  possibly 
vith  other  sulphides)  is  filtered  off,  any  arsenical  sulphide  may 
irst  be  extracted  from  the  filter  by  ammonia,  and  any  anti- 
nonious  sulphide  by  sodic  sulphide ; then  the  sulphide  may  be 
xtracted  by  warm  hydrochloric  acid,  which  will  leave  undis- 
olved  such  sulphides  as  those  of  copper  and  mercury.  On 

* “ Pathocrenese  u.  Symptomatologie  der  chron.  Bleivergiftung.”  Eerlin, 
S71,  p.  66.° 
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diluting  the  liquid,  and  filtration  at  a boiling  temperatur 
crystals  of  lead  chloride  will  be  deposited  on  cooling. 

If,  however,  organic  matters  are  specially  searched  for  lea^ 
hydrochloric  acid  is  not  the  best  solvent,  but  nitric  should  alwat 
be  preferred;  and  if  there  is  reason  to  think  that  the  lead  exis: 
in  the  form  of  sulphate,  then  the  proper  solvent  is  either  tl 
acetate  or  the  tartrate  of  ammonia;  but  in  either  case  the  soluti< 
should  contain  an  excess  of  ammonia.  It  must,  however, 
remembered  that  organic  matters  retain  lead  with  great  tenacik 
and  that  in  all  cases  where  it  can  with  any  convenience  1 
effected,  the  substances  should  be  not  only  carbonised,  but  bur 
to  an  ash ; for  Boucher  has  shown  * that  carbon  retains  lead,  ai, 
that  the  lead  in  carbon  resists  to  a considerable  extent  the  actio 
of  solvents. 

In  the  case  of  sulphate  of  lead,  which  may  be  always  produce 
in  an  ash  from  organic  substances  by  previous  treatment  wi 
sufficient  sulphuric  acid,  a very  excellent  method  of  identifi' 
tion  is  to  convert  it  into  sugar  of  lead.  To  do  this,  it  is  meret 
necessary  to  boil  it  with  cai’bonate  of  ammonia,  which  changes- 
into  carbonate  of  lead ; treatment  with  acetic  acid  will  now  gi 
the  acetate ; the  solution  may  (if  the  lead  is  in  very  small  qua: 
tity)  be  concenti-ated  in  a watch-glass,  a drop  evaporated 
dryness  on  a circle  of  thin  microscopic  glass,  and  the  crysta 
examined  by  the  microscope;  the  same  film  next  exposed  to  t 
fumes  of  HSg,  which  will  blacken  it ; and  lastly,  the  soluti«i 
(which  should  be  sweet)  tasted.  A crystalline  substance,  pc 
sessing  a sweet  taste  and  blackening  when  exposed  to  SHg,  ca 
under  the  circumstances,  be  none  other  than  acetate  of  lead. 

If  the  analyst  does  not  care  for  this  method,  there  is  i-oom  f 
choice.  A solution  containing  lead  can  be  converted  into  si- 
phide  ; in  this  case  it  is,  however,  absolutely  necessary  that.  the»i 
should  be  no  great  excess  of  acid,  since  as  little  as  2‘5  p 
cent,  of  free  hydrochloric  acid  will  prevent  all  the  lead  gohi 
down.  On  obtaining  the  sulphide,  the  latter,  as  alreai. 
described,  can  be  converted  into  chloride  by  hydrochloric  acii 
and  the  crystalline  chloride  is  extremely  characteristic. 

From  the  solution  of  the  chloride,  the  metal  may  be  obtaini 
in  a solid  state  by  inserting  a piece  of  zinc  in  the  solution  co: 
tained  in  a crucible;  the  lead  will  be  deposited  gradually,  an 
can  be  then  collected,  washed,  and  finally  fused  into  a litti 
globule  on  charcoal.  A lead  bead  flattens  easily  when  hit  with, 
hammer,  and  makes  a mai'k  on  paper.  Solutions  of  the  chlorin 
also  give  a heavy  precipitate  of  lead  sulphate,  when  treated  wi» 
a solution  of  sodic  sulphate. 

* Ann.  d' Hygiene,  t.  xli. 
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When  lead  is  in  very  minute  quantity,  an  electrolytic  method 
is  generally  preferable  ; the  lead  is  precipitated  on  platinum  by 
using  a similar  apparatus  to  that  in  Bloxam’s  test,  described  at 
)).  391  ; the  liquid  to  be  tested  being  placed  in  the  inner  cell,  on 
identification  of  the  lead  film,  it  may  be  dissolved  in  nitric  acid,  and 
estimated  by  a colorimetric  process.  For  the  estimation  of  the 
minute  fractions  of  a grain  by  a colour  method,  it  is  merely  neces- 
sary to  have  a very  dilute  solution  of  acetate  of  lead,  to  add  a 
known  volume  of  SHg  water  to  the  liquid  to  be  tested  in  a Nessler 
cylinder,  noting  the  colour,  and  add  to  another  a known  quan- 
tity of  the  standard  lead  solution  and  the  same  quantity  of  SH„ 
as  was  added  to  the  first. 

The  process  has  an  advantage  which  is  great,  viz.,  that  it  either 
detects  copper  or  proves  its  absence  at  the  same  time;  and  there 
ai’e  few  cases  in  which  the  analyst  does  not  look  for  copper  as  well 
as  for  lead.  Lead,  if  in  sufficient  quantity,  may  be  most  conveni- 
ently estimated  as  oxide,  sulphate,  or  chloride;  the  chief  properties 
of  these  substances  have  been  already  described. 
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II.— COPPER. 

§ 164.  Copper,  Cu  = 63‘5  ; specific  gravity,  from  8'921  to  8'952  ; 
fusing  point,  1091°C.  (1996  °F.)  Copper  in  analysis  occurs  either 
as  a film  or  coating  on  such  metals  as  platinum,  iron,  &c.,  or  in  a 
state  of  fine  division ; or,  finally,  as  a bead.  In  thin  films,  copper 
has  a yellowish  or  a .yellowish-red  colour ; it  dissolves  readily  in 
nitric,  slowly  in  hydrochloric  acid.  If  air  be  excluded  hydro- 
chloric acid  fails  to  dissolve  copper,  and  the  same  remark  applies 
;o  ammonia;  but  if  there  be  free  access  of  air,  ammonia  also  acts 
as  a slow  solvent.  Metallic  copper  in  a fine  state  of  division  can 
m fused  at  a white  heat  to  a bright  bluish-green  globule,  which, 
on  cooling,  is  covered  with  black  oxide. 

§ 165.  Cujyric  Oxide  (C\iO  = 79*5;  specific  gravity,  6-5;  com- 
oosition  in  100  parts,  Cu  79-85,  O 20-15)  is  a brownish-black  pow- 
Icr,  which  remains  in  the  absence  of  reducing  gases  unaltered  at 
I red  heat.  It  is  nearly  insoluble  in  water,  but  soluble  in  CIH, 
&c. ; it  is  hygroscopic,  and,  as  every  one  who  has  made  a 
ombustion  knows,  is  readily  reduced  by  ignition  with  charcoal 

u the  presence  of  reducing  gases. 

§ 166.  Cupric  Sulphide,  CuS  = 95 -5,_  produced  in  the  wet  way, 
s a brownish  powder  so  insoluble  in  water  that,  according  to 
'"resenius,  950,000  parts  of  water  are  required  to  dissolve  one  part, 
t is  not  quite  insoluble  in  CIH,  and  dissolves  readily  in  nitric 
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acid  with  separation  of  sulphur.  By  ignition  in  a stream  of  Hg,  it 
may  be  converted  into  the  subsulphide  of  copper.  It  must 
always- be  washed  by  SHg  water. 

§ 167.  Solubility  of  Copper  in  Water  and  Various  Fluids. — The> 
solubility  of  copper  in  water  and  saline  solutions  has  been  very 
carefully  studied  by  Carnelley.*  Distilled  water  exerts  someu 
solvent  action,  the  amount  varying,  as  might  be  expected,  accord-i 
ing  to  the  time  of  exposui-e,  the  amount  of  surface  exposed,  the 
quantity  of  water  acting  upon  the  copper,  &c.  It  would  appear.! 
that,  under  favoui’able  circumstances,  100,  cc.  of  distilled  water- 
may  dissolve  ‘3  mgrm.  of  coj^per  (-2  grain  per  gallon). 

With  regard  to  salts,  those  of  ammonium  exert  a solvent  action 
on  copper,  more  decided  than  that  of  any  others  known.  With 
the  others,  however,  the  nature  of  the  base  exerts  little  influence, 
the  action  of  the  salt  depending  chiefly  on  the  nature  of  its  acid, 
radical.  Thus,  beginning  with  the  least  affected,  the  following  is 
the  order  of  dissolving  strength  : — Nitrates,  sulphates,  carbonates, 
and  chlorides.  It  will  then  at  once  be  evident,  that  a water  con- 
taminated by  sewage,  and  therefore  containing  plenty  of  ammonia 
and  chlorides,  might  exert  a very  considerable  solvent  action  on 
copper. 

Almost  all  the  oils  and  fats,  as  well  as  syrups,  dissolve  small . 
quantities  of  copper,  hence  its  frequent  presence  in  articles  of 
food  cooked  or  prepared  in  copper  vessels.  In  the  very  elaborate: 
and  careful  experiments  of  Mr.  W.  Thompson, -{-  the  only  oilsi 
which  took  up  no  copper,  when  digested  in  copper  foil,  were 
English  neatsfoot  oil,  tallow  oil,  one  sample  of  olive  oil,  palm-nut; 
oil,  common  tallow  oil,  and  white  oil,  which  was  protected  from) 
the  air  by  a thick  coating  of  oxidised  oil  on  its  surface. 

§ 168.  Copper  as  a Normal  Constituent  of  Animal,  Vegetable, 
and  other  Matters. — Copper  is  very  widely  distributed  through- 
out the  mineral,  animal,  and  vegetable  kingdoms.  Besides  being 
])resent  in  numerous  minerals  and  earths,  it  is  often  found  in 
spring  and  river  water,  either  from  the  solvent  action  of  thei 
water  itself,  or  from  pollution  from  copper  mines  or  manufac-. 
tories  in  which  the  metal  is  used. 

In  the  animal  kingdom  it  is  neai’ly  always  present  in  the  liven 
and  kidneys  of  domestic  animals,  as  well  as  in  men.  Dr.  Dupre 
found  ’OSo  to  '029  grain  (T8  to  2 mgrms.)  in  human  livers,  on 
about  one  part  in  500,000.  Bergeron  and  L.  L.  Hote’s  researchcsi 
on  fourteen  bodies,  specially  examined  for  copper,  fully  sub  - 

* -Journ.  Chem.  Soc.,  187G,  ii.  4. 

t Action  of  P’atty  Oils  on  Metallic  Copper,  Chem.  News,  xxxiv.  176,  200,' 

2i:j. 
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stantiate  Dr.  Dupre;  in  twelve,  tlie  copper  was  found  in  quan- 
tities from  •?  to  1*5  mgrm.;  in  the  remaining  two  the  amount  of 
copper  was  vei*j  minute,  and  was  not  estimated.*  Copper  is 
also  found  normally  in  the  kidneys,  and  Dupre  t detected  in 
human  kidneys  about  one  in  100,000  parts  ; it  is  also  found  in 
the  gall,  and  in  minute  traces  in  the  blood.;{; 

In  the  kidneys  and  livers  of  the  ruminants  cojjper  may  always 
be  found,  a sheep’s  liver  containing  about  one  part  in  20,000. § 
Church  found  copper  in  the  feathers  of  the  wings  of  the  turaco  ; 
Melopsitt  in  the  feathers  of  a paraquet  {Melopsittneus  undulatus).  |1 
If  looked  for,  it  is  readily  discovered  in  snails,  in  the  Crustacea 
generally,  and  in  the  blood  of  the  cephalapoda  it  is  abundant.^ 
In  wheat  (and  therefore  in  bread),  in  barley,  mangel-wurzel, 
swedes  (and  in  both  the  root  and  leaf  of  turnip),  as  well  as  in 
most  other  vegetables,  copper  in  very  minute  tx’aces  may  be 
detected.  Of  the  different  vegetables  specified,  Dr.  Dupre  found  as 
a maximvxm  one  part  of  oxide  of  copper  in  240,000  parts  of  wheat, 
and  as  a minimum  one  part  of  oxide  of  copper  in  4,375,000  of 
turnip  root.** 

§ 169.  Copper  in  Articles  of  Food  and  Drinlc. — Copper  as  an 
impurity,  or  an  adulterant,  is  found  in  a great  variety  of 
articles  of  food  and  drink.  It  has  been  discovered  in  aerated 
waters,  its  presence  being  due  to  the  use  of  copper  cylinders,  the 
lining  tin  of  which  had  been  rendered  defective  by  corrosion. ft 
Accidents  may  also  occur  from  the  use  of  copper  boilers.  Mr. 
W.  Thompson  found  in  one  case;{;J  no  less  than  3*575  grains  in  a 
gallon  (51  mgrms.  per  litre)  in  water  drawn  from  a kitchen  boiler. 

At  Roubaix,  in  France,  sulphide  of  copper  had  been  deposited 
on  the  roof,  as  a consequence  of  the  xise  of  copper  flues ; the 
sulphide  was  changed  into  sulphate  by  the  action  of  the  air,  and 
washed  by  the  rain  into  the  water-tanks. §§ 

That  preserved  vegetables  are  made  of  a bright  and  attractive 
green  colour,  by  impregnation  with  copper,  from  the  deliberate 
use  of  copper  vessels  for  this  purpose,  is  a fact  long  known. 
Green  pease  especially  have  been  coloured  in  this  way,  and  a 
gi’eat  number  of  convictions  for  this  offence  have  lately  taken 
place. 

• Comptes  Rendus,  Ixxx.  268.  + Op.  cit. 

J Hoppe  Sevier:  “ Handbuch  der  Physiologisch.  Analyse,  p.  415. 

§ Dupr§,  op.  cit.  II  Ch&nx.  News,  xxviij.  212. 

H Hoppe  Seyler,  op.  cit.  . 

**  Duprg,  op.  cit.  Sarzeau  has  found  copper  in  about  200  vegetables. 

tt  On  the  Presence  of  Lead  and  Copper  in  Aerated  Waters,  by  Dr.  James 
Milne.  Cliem.  News,  xxxi.,  p.  77. 
tt  Chem.  News,  xxxi..  No.  801. 

Author’s  “Dictionary  of  Hygiene,  p.  167. 
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The  following  are  a few  of  the  more  important : — 

In  one  of  several  similar  cases  heard  at  the  Marlborough  Street  Police 
Court,  it  was  proved  by  Mr.  Piesse,  the  analyst,  that  the  pound  tin  contained’ 
•088  of  copper,  equal  to  2^  graius  of  sulphate  of  copper. 

Dr.  Conway  Evans,  Medical  Officer  of  Health,  stated  his  opinion,  that  thej 
larger  quantity  of  copper  spoken  of  in  a pound  of  pease,  if  eaten  daily  or  re-v 
peatedly,  would  be  injurious  to  health,  and  would  produce  chronic  poisoning  ~ 
but  many  ])ersons  might  eat  a quantity  of  these  pease  several  times  without! 
apparently  suffering  any  injurious  effects,  the  period  varying  in  accordance 
with  difference  of  vigour,  age,  health,  &c.  Two  or  three  doses  might  affect 
some  persons  and  not  others.  From  14  to  15  grains  of  copper  Were  some- 
times given  as  an  emetic ; and  sometimes,  in  ague  or  chronic  diarrhoea,  \ to. 
S grains  were  given  as  a tonic.  It  was  a well-known  medical  fact,  that  in 
regard  to  some  poisons  (such,  for  instance,  as  mercury)  certain  persons  were 
])eculiarly  susceptible  to  their  influence ; and  it  was  possible  that  these  pease 
containing  copper,  if  swallowed  by  persons  ignorant  of  their  own  suscepti-i 
bilities,  might  (even  in  a single  dose,  or  a few  doses)  lead  to  injurious  con- 
sequences. He  believed  copper  to  be  more  fatal,  in  a smaller  dose,  than 
salts  of  lead.  The  heightening,  of  the  colours  of  preserves  with  copper  was. 
once  a common  practice.  Cases  of  poisoning  by  copper  were  formerly  verj^ 
common,  but  copper  utensils  in  cooking  having  given  place  to  tin  and  iron 
saucepans,  such  cases  were  of  rare  occurrence.  Pure  metallic  coi^per  hei 
believed  to  be  harmless,  but  it  was  dangerous  when  in  contact  with  other- 
substances,  and  when  dissolved. 

Dr.  Guy,  F.E.S.,  said  that  cases  of  poisoning  by  copper  had  occurred  in 
which  the  quantity  swallowed  must  have  been  small.  He  had  studied  thei 
question  of  poisons  particularly;  the  fact  of  a trace  of  copper  in  the  human 
body  would  not  prove  its  existence  in  a poisonous  form.  He  had  madel 
inquiries  for  Government  into  the  effects  of  poisoning  in  certain  trades  ;i 
])alsy  followed  the  poisoning  by  copper.  Two  cases  had  come  under  his 
knowledge  of  poisoning  by  the  green  wall-paper  in  a room  ; the  poisoning  in 
his  opiniou  came  from  the  cop])er,  not  the  arsenic.  Salts  of  copper  hei 
considered  more  poisonous  than  lead  ; the  small  quantity  of  copper  contained- 
in  the  pease  in  question  from  France  might  prove  injurious,  and  slowly 
undermine  health.  On  a nervous  person  copper  was  more  likely  to  produce; 
dangerous  symptoms  than  on  any  one  else.  With  regard  to  the  pi’esence; 
of  .3‘G  of  copper,  if  taken  one-third  at  a time,  it  would  not  affect  a healthy 
2)crson  ; but  if  repeated  in  small  doses  it  would,  in  his  ojnnion,  be  ultimately 
injurious  to  health.  He  considered  that  any  article  containing  the  amount 
of  copper  stated  by  Mr.  Piesse  should  not  be  allowed  to  be  sold  for  onet 
moment.  Sulphate  of  copper  in  its  virulence  ranked  fourth  in  the  class  of- 
j)oisons. 

Dr.  C.  Tidy  gave  similar  evidence.  If  copjier,  that  is,  sulphate  of  coj)per, 
were  constantly  taken  to  the  extent  of  the  amount  of  copper  found  in  the; 
French  pease,  it  would  be  injurious  to  health. 

Dr.  A.  Dupr6  stated  that  the  quantity  found  was  far  beyond  the  quantity 
normally  present  in  any  vegetable. 

Dr.  Guy  said  he  considered  the  sale  of  an  article  containing  such  a quantity 
of  copper  as  that  found  in  the  French  jiease  ought  not  to  be  tolerated.  Small . 
doses  of  copper  were  more  dangerous  than  large  ones,  as  the  latter  would 
cause  vomiting. 

A previous  conviction  against  the  defendant  for  the  same  offence  was 
])roved,  but  the  })rosecution  stated  tliat  they  desired  publicity,  not  2)unish- 
ment,  and  a small  line  was  inflicted.* 

* Analyst,  1877,  p.  21C. 
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§ 170.] 

At  the  Liverpool  Police  Court  a firm  was  prosecuted  for  selling  pease 
containing  copper  equal  to  2^  grains  of  sulphate  to  the  pound  tin.  A 
warranty  produced.  * 

A Liverpool  gi’ocer  was  fined  20s.  and  costs,  for  selling  pease  containing 
copper  equal  to  2 '6  grains  of  the  sulphate  to  the  pound.  + 

At  Bradford  vendors  have  been  fined  for  selling  coppered  pease,  the  metal 
equalling  1^  to  2 grains  to  the  pound.  J 

It  will  be  noticed  from  the  foregoing  that — 

(1.)  The  whole  question  of  the  injurious  action  of  coppered 
pease  rests  entirely  upon  theory. 

(2.)  The  theory  of  the  poisonous  action  is  based  in  no  single 
case  upon  any  observed  instance  of  chronic  or  acute  poisoning. 

(3.)  In  no  case  has  the  analyst  been  able  to  state  the  form  in 
which  the  copper  exists.  Now,  Messrs,  Paul  and  Kingzett  have 
shown  that  when  such  a soluble  compound  of  sulphate  of 
copper  is  ingested  most  of  it  is  excreted  by  the  freces ; § and 
Legrif  has  found  in  the  intestines  of  a healthy  man  from  ‘036 
to  0‘40  grm.  of  copper. ||  Hence,  since  it  is  not  known  in  what 
form  the  copper  in  the  pease  exists,  whether  as  soluble  or 
insoluble,  but  merely  that  copper  has  been  added  to  improve 
the  colour,  it  is,  perhaps,  the  safest  and  most  just  way  for  the 
analyst  to  state  simply  that  so  much  metallic  copper  has  been 
separated,  and  that  the  substances  are,  therefore,  adiilterated  ; 
but  with  regard  to  injury  to  health,  to  offer  no  opinion.  After 
all,  the  question  of  the  injury  to  health  produced  by  copper  in 
pease,  is  at  present  by  no  means  settled  one  way  or  the  other ; 
tacts  drawn  from  the  known  poisonous  effects  of  various  salts 
of  copper  have  but  an  indirect  bearing  on  the  point  at  issue ; 
and  it  can  only  be  finally  determined  by  proving  in  what  state 
of  combination  the  copper  exists,  and  the  action  of  the  pease 
themselves. 

Copper  may  be  found  in  spirits,  owing  to  the  use  of  copper 
condensers,  a remark  which  applies  also  to  the  essential  oils, 
such  as  oleum  cajuputi  menthae,  &c.^  In  France,  it  has  been 
added  fraudulently  to  absinthe,  to  improve  its  colour.**  Green 
sweetmeats,  green  toys,  green  papers,  have  all  been  found  to 
; contain  definite  compounds  of  copper  to  a dangerous  extent. 


. I § 170.  Preparations  of  Copper  used  in  Medicine  and  the  Arts. 

I ']  (1.)  Medicinal  Preparations : — 

( '!  Sulphate  of  Copper,  Cupri  sidphas,  C11SO45H2O.  This  well- 


1 
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1 * Sanitary  Record,  vj.  335.  1*  R>id.,  vj.  351.  X Pnd.,  vij.  63. 

§ Analyst  1877,  p.  98.  , .11  Sonnenschein  op.  cit. 

II  According  to  Eulenberg  (“  Gewerbe  Hygibne,  p.  716),  oleum  cajpputi, 
Menih.  pip.  Melissce  T'anaceti,  &c.,  are  almost  always  contaminated  with 
copper. 

•*  Tardieu  : “ Etude  med.  legale  sur  rempoisonnement.” 
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known  salt  is  veiy  soluble  in  water,  reddens  litmus,  and  if- 
slightly  eiS orescent ; its  solution  responds  to  all  the  usual  testf^  , 
for  copper  and  sulphuric  acid.  A watery  solution  of  the  salt  tct  > 
which  twice  its  volume  of  a solution  of  chlorine  has  been  added  i, 
gives,  when  treated  with  ammonia  in  excess,  a clear  sapphire-blua  | 
solution,  leaving  nothing  undissolved,  and  thus  showing  tha  || 
absence  of  iron.  Besides  iron,  sulphate  of  copper  has  been  |j 
found  to  contain  zincic  sulphate. 

Gtiprum  Aluminatum. — A preparation  called  cuprum  alumina-: 
turn  {Pierre  divine)  is  in  use  in  France  and  Germany  as  s 
medicine.  It  is  composed  of  16  parts  cupric  sulphate,  16  jiotassia 
nitrate,  1 6 alum,  and  5 camphor.  Begular  and  irregular  medica' 
practitioners,  veterinary  surgeons,  farriers,  and  grooms,  all  use 
sulphate  of  copper  (bluestone)  as  an  application  to  wounds| 
Copper  as  an  internal  remedy,  is  not  in  favour  either  with  quacksi 
or  vendors  of  patent  medicines.  The  writer  has  not  yet  fouiia 
any  patent  pill  or  liquid  containing  it. 

In  veterinary  medicine,  the  sulphate  of  copj^er  is  administerec 
to  horses  and  cattle,  and  the  diniodide  is  used  to  some  incon 
siderable  extent. 

(2.)  Copper  in  the  Arts. — Copper  is  used  very  extensively  in  tlul 
arts ; it  enters  into  the  composition  of  a number  of  alloys,  it 
one  of  the  chief  constituents  of  the  common  bronzing  powders 
is  contained  in  many  of  the  lilac  and  purple  fires  of  the  pyro-: 
technist,  and  in  a great  variety  of  pigments.  The  last-mentioned i 
being  of  special  importance,  will  be  briefly  described  ; — 

Figments  : — 

Schweinfurt  and  Scheelds  Green,  * are  respectively  the  aceto 
arsenite  and  the  arsenite  of  copper.  (See  article  Arsenic.) 

Brighton  Green  is  a mixture  of  impure  acetate  of  copper  aiuli 
cbalk. 

BrunsivicJc  Green,  originally  a crude  chloride  of  copper,  is  now 
generally  a mixture  of  carbonate  of  copper  and  chalk  or  alumina.! 

Mountain  Green,  or  Mineral  Green,  is  the  native  green  carbonate! 
of  copper,  either  with  or  without  a little  orpiment. 

Neuvoieder  Green  is  either  the  same  as  mountain  green,  oi 
Schweinfurt  green  mixed  with  gypsum  or  sulphate  of  baryta. 

Green  Verdites  is  a mixture  of  oxide  and  carbonate  of  coppei'i  \ 
with  chalk.  ; 

Verdigris  is  an  acetate  of  copper,  or  a mixture  of  acetates.‘  ! 
Its  formula  is  usually  represented  as  (C2H302),Gu0.  It  is  muchi  i 
used  in  the  arts,  and  to  some  extent  as  an  external  application!  \ 

* The  synonyms  for  Schweinfurt  green  are  extremely  numerous.  MiticJ  ; 
green,  vienua  green,  imperial  green,  emerald  green,  are  the  principal  terms  in 
actual  use. 
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in  medicine.  Its  most  frequent  impurities  or  adulterations  ai-e 
chalk  and  sulphate  of  copper. 

§ 171.  Dose. — Medicinal  Dose  of  Copper — Since  sulphate  of 
copper  is  practically  the  only  salt  administered  internally,  the 
dose  is  generally  expressed  as  so  many  grains  of  sulphate.  This 
salt  is  given  in  quantities  of  from  *25  to  2 grains  (T67  to  T30 
grain)  as  an  astringent  or  tonic ; as  an  emetic,  from  5 to  10 
grains  (’324  to  *5184  grm.) 

The  sulphate  of  copper  is  given  to  horses  and  cattle  in  such 
large  doses  as  from  30  up  to  120  grains  (1-9  to  7 '7  grms.);  to 
sheep,  from  20  to  40  grains  (1’3  to  3’6  grms.);  rabbits,  1 to  2 
grains  (-0648  to  T296  grm.) 

Poisonous  Dose. — A dose  of  120  grains  of  sulphate  of  copper 
(7’7  grms.)  has  caused  very  serious  symptoms.*  A woman  died 
in  seventy-two  hours  after  taking  7 drachms  (27  grms.)  of  sulphate 
of  copper  mixed  with  3 drachms  (11 ’6  gi*ms.)  of  sulphide  of  iron. 
2 ounces  (62‘2  grms.)  of  the  acetate  of  copper  have  caused  death 
in  three  days ; half  an  ounce  (15‘5  grms.)  in  sixty  hours.t 

§ 172.  Detection  and  Estimation  of  Copper. — Copper  may  occur 
either  in  the  routine  process  of  precipitating  by  SH,,  or  it  may, 
as  is  generally  the  case,  be  searched  for  specially.  If  copper  is 
looked  for  in  a precipitate  produced  by  SHg,  it  is  taken  for 
granted  that  the  precipitate  has  first  been  treated  successively 
by  carbonate  of  ammonia,  sulphide  of  sodium,  and  hydrochloric 
acid ; in  other  words,  arsenic,  antimony,  and  lead  have  been 
removed.  The  moist  precipitate  is  now  treated  with  warm 
nitric  acid,  which  dissolves  out  copper  sulphide  with  separation 
of  sulphur ; if  there  is  sufficient  copper,  the  fluid  shows  a blue 
colour,  which  of  itself  is  an  indication  of  copper  being  present. 
The  further  tests  are — (1.)  Ammonia  gives  a deeper  blue;  (2.) 
ferrocyanide  of  potash  a brown-red  colour  or  precipitate ; (3.)  a 
few  drops  mixed  with  a solution  of  tai'trate  of  soda,  alkalised 
with  sodic  hydrate,  and  boiled  with  a crystal  or  two  of  grape- 
sugar,  gives  quickly  a red  precipitate  of  oxide  of  copper  ; (4.  ) a 
needle  or  a clean  iron  wire,  or  any  simple  galvanic  combination 
immersed  in,  or  acting  on,  the  liquid,  soon  becomes  coated  with 
the  very  characteristic  reddish  metallic  film.  A arious  other 
tests  might  be  mentioned,  but  the  above  are  ample. 


Special  Examinations  for  Copper. 

(1.)  In  Water  and  Liquids  generally.— The  liquid  may  be  con- 
■entrated,  and  the  copper  separated  by  electrolysis.  A simple 

t Sonnenschein,  op.  cit. 


* Taylor,  op.  cit. 
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method  is  to  place  the  liquid  in  a large  platinum  dish,  and  inserh-  | 
a piece  of  zinc,  adding  a sufficient  quantity  of  CIH  to  dissolve-  « 
the  zinc  entirely ; the  copper  is  found  as  an  adherent  film  oni-  ■ 
the  inner  surface  of  the  dish.  It  is  neater,  however,  and  merer  | 
accurate,  to  connect  the  platinum  dish  with  the  negative  plate  ofi  |j 
a battery,  suspending  in  the  liquid  the  positive  electrode.  The  || 
modifications  of  this  method  are  numerous;  some  chemists  use»-j^ 
(especially  for  small  quantities  of  copper)  two  small  platinum  elec- 
trodes, either  of  foil  or  of  wire,  and  on  obtaining  the  film,  weigh* 
the  electrode,  then  dissolve  the  copper  off  by  nitric  acid,  and  re- 
weigh. Such  solid  substances  as  pease  are  conveniently  mashed 
up  into  a paste  with  water  and  CIH;  an  aliquot  part  is  carefully 
weighed  and  put  in  a platinum  dish,  connected,  as  before  described, 
with  a battery;  at  the  end  of  from  twelve  to  twenty-four  hours- 
all  the  copper  is  deposited,  and  the  dish  with  its  film  dried  and 
weighed.  The  weight  of  the  clean  dish,  minus  the  coppered 
dish,  of  course  equals  the  copper.  Fat  and  oils  are  best) 
thoroughly  washed  with  hot  acid  water,  which  will,  if  properly 
performed,  extract  all  the  copper.  By  the  use  of  separating 
funnels  and  wet  filters,  the  fat  or  oil  can  be  separated  from  tha 
watery  liquid. 

A test  has  been  recently  proposed,  which  is  certainly  the  most 
delicate  known,  of  a mgrm.  in  solution  being  i-ecognised  with 
facility.  A zinc  jilatinum  couple  is  made  with  two  wires;  on 
leaving  this  in  an  acid  liquid  containing  a mere  trace  of  copper, 
after  several  hours  the  platinum  will  be  found  discoloured.  It 
the  discoloration  is  from  copper,  on  exposing  the  wire  to  hydros 
bromic  acid  fumes  (easily  produced  from  the  action  of  potassia 
bromide  and  sulphuric  acid)  and  bromine,  the  wire  will  becoma 
of  a violet  colour.  This  colour  is  easily  recognised  by  rubbingt 
the  wire  on  a piece  of  porcelain.* 

(2.)  Animal  Matters,  such  as  liver,  brain,  spinal  cord,  &c.,  are 
best  entirely  burnt  to  an  ash,  and  the  copper  looked  for  in  thd 
latter.t  The  same  remark  applies  to  bread  and  substanceft 
consisting  almost  entirely  of  starchy  matters.  Any  injurious 
quantity  of  copper  can,  however,  be  extracted  with  nitria 
acid  and  water ; and  although  this  method  of  extraction  is  not 
quite  so  accurate,  it  is  quicker. 

§ 173.  Volumetric  Processes  for  the  Estimation  of  Copper. — A 
mimber  of  volumetric  processes  have  been  devised  for  the  esti-; 

* Chem.  News,  Nov.  .30,  1877. 

t In  exhumation  of  lonjj  buried  bodies,  it  may  be  necessary  to  kno\w 
the  composition  of  the  soil.  Sonnenschein  mentions  a skull,  now  in  the 
museum  at  Madrid,  which  was  dug  out  of  an  old  Roman  mine,  and  is  quitci 
green  from  copper  compounds. — Sonnenschein’s  “ Handbuch,”  p.  S3. 
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mation  of  copper,  but  for  tlie  purposes  of  this  work  it  is 
unnecessary  to  detail  them.  When  copper  is  in  too  small  a 
quantity  to  be  weighed,  it  may  then  be  estimated  by  a colori- 
metric process. 

One  of  the  best  of  these  is  based  upon  the  brown  colour  which 
ferrocyanide  of  potash  produces  in  very  dilute  solutions  of  copper. 
A standard  copper  solution  is  obtained  by  dissolving  -393  grm. 
in  a litre  of  water,  each  cc.  then  contains  0-1  mgrm.  Cu ; a 
solution  of  ferrocyanide  of  potash  in  water,  strength  4 per  cent. 
It  is  also  convenient  to  have  a solution  of  nitrate  of  ammonia, 
which  is  found  to  render  the  reaction  much  more  delicate. 

The  furtlier  details  of  the  process  are  conducted  precisely  on 
the  same  principles  as  the  well-known  colorimetric  method  of 
estimating  ammonia  by  Nessler’s  solution. 


TIL— BISMUTH. 

§ 174.  Bismuth,  Bi  = 210  ; specific  gravity,  9-799  ; fusing  point, 
264°C.  (507-2'^F.)  Bismuth,  as  obtained  in  the  course  of  analysis, 
is  either  a black  metallic  powder,  or  a bead  extremely  brittle,  and 
of  a reddish-white  colour.  The  compounds  which  it  will  be 
necessary  to  notice  briefly  will  be  the  teroxide  and  the  tersul- 
j)hide. 

§ 175.  The  Teroxide  of  Bismuth  (BigOg  = 468  ; specific  gravity, 
8-211 ; Bi  89*655  per  cent.,  O 10*345  per  cent.),  as  prepared  by 
igniting  the  carbonate  or  nitrate,  is  a pale  lemon-coloured  powder, 
which  can  be  fused  without  loss  of  weight,  but  is  reduced  in  char- 
coal, or  in  a stream  of  carbon  dioxide,  to  the  metallic  state.  It  is* 
also  reduced  by  fusion  with  cyanide  of  potassium,  or  by  ignition 
with  chloride  of  ammonium. 

§ 176.  The  Sulphide  of  Bismuth  = ; Bi  81*25  per  cent., 

S 18*75  per  cent.),  occurs  in  the  course  of  analysis  as  a brown- 
ish-black or  quite  black  precipitate,  insoluble  in  watei*,  dilute 
acids,  alkalies,  alkaline  sulphides,  sulphate  of  soda,  and  cyanide 
of  potassium,  but  dissolving  in  moderately  concentrated  nitric 
acid,  with  separation  of  sulphui*.  It  continually  increases  in 
weight  when  dried  in  the  ordinary  way,  and  is  completely 
I’educed  when  fused  with  cyanide  of  potash. 

^ 177.  PrepcLTOitious  of  Bismuth  used  in  ]\Iedicine  uud  the  A.rts, 

(1.)  Pharmaceutical  Preparations : — 

Bismuthi  Suhnitras  (Subnitrate  of  Bismuth,  BiNO^HgO).  A 
leavy  white  powder  insoluble  in  water,  and  responding  to  the 
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usual  tests  for  bismuth  and  nitric  acid.  Tlie  percentage  of  bis- 
nuitli  in  this  preparation  often  varies  within  somewhat  widt. 
limits,  for  there  are  at  least  two  nitrates  in  commerce,  the  onu 
containing  79‘4  per  cent  of  bismuth  oxide,  the  other  76’48  pei- 
cent. 

The  principal  impurities  to  be  looked  for  are — ammonia,*  car 
bonate  of  lead,  arsenic,  chlorine,  and  sodium  salts.  The  first  i;-: 
easily  detected  by  distilling  with  potash,  and  estimating  the  NH.; 
by  titration,  or,  if  in  small  amount,  by  colorimetric  methods ; car 
bonate  of  lead,  by  effervescence  with  nitric  and  precipitation  h\ 
sulphuric  acids  ; arsenic,  by  Davy’s  test  (see  p.  383) ; chlorine,  b}; 
nitrate  of  silver  ; and  sodium  salts,  by  boiling  the  bismuth  with 
water,  filtering,  evaporating  down  to  dryness,  and  examining  the 
residue. 

Tellurium  has  recently  been  suspected  in  preparations  of  bis: 
muth;  the  evidence  on  the  point,  however,  is  not  of  an  analytica 
character,  but  is  based  upon  the  observation  that  some  persons, 
after  taking  certain  bismuth  preparations,  have  suffered  fron' 
foetid  breath. t Sir  J.  Simpson  records  a case  in  which  a divinity 
student  inadvertently  swallowed  a dose  of  tellurium,  which  wa: 
followed  by  the  evolution  of  such  a jDersistent  odour,  that  for  tin 
remainder  of  the  session  the  patient  had  to  sit  apart  from  hii 
fellow-students. 

Bismuth  Lozenges,  Trochisci  Bismuth,  are  composed  of  subnitrata 
of  bismuth,  carbonate  of  magnesia,  precipitated  carbonate  of  limei 
sugar,  and  gum,  mixed  with  rose  water.  Each  lozenge  shoulo 
contain  2 grains  (T3  grin.)  of  nitrate  of  bismuth. 

Solution  of  Citrate  of  Bismuth  and  Ammonia,  Liquor  hismutltX 
et  Ammonia}  citratis,  a colourless,  neutral,  or  slightly  alkaliiu 
fluid  ; specific  gravity,  1T22  ; responding  to  the  tests  for  bismutl 
and  ammonia. 

The  probable  impurities  are  the  same  as  those  in  the  subi 
nitrate,  and  lead  should  specially  be  searched  for,  because  S( 
frequently  contained  in  citric  acid. 

Carbonate  of  Bismuth,  Bismuthi  carhonas,  2(Bi2C03)H20,  <* 
line  white  powder,  answering  to  the  tests  for  bismuth  and  cari 
bonic  anhydride,  and  likely  to  contain  the  same  impurities  as  tlul 
subnitrate.  It  ought  to  give  89T  per  cent,  of  bismuth  oxide. 

The  Valerianate  of  Bismuth,  Bismuthum  valerianicum,  a white 
])Owder,  smelling  strongly  of  valerianic  acid:  if  dissolved  in  nitrici 
or  hydrochloric  acids,  with  separation  of  the  valerianic  acid,  10(( 

* Ammonia  is,  perhaps,  formed  in  the  preparation  of  bismuth  as  follows  i 
2Bi2  + 15N03l£  = 3N034Bi  + G0H2+NH3  + N203.  — W.  G.  Piper,  Pharm- 
Journ.,  April  21,  77. 

t Pharm.  Journ.  [3.],  No.  287,  Diet.  21,  70. 
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parts  must  contain  79  of  oxide  of  bismuth.  The  valerianate  of 
bismuth  is  in  the  German,  but  not  in  the  British  pharmacopeia. 

(2.)  Bismuth  in  the  Arts^. — The  principal  use  of  bismuth  is  in 
alloys  and  solders.  The  chromate  is  employed  in  calico-printing, 
and  the  subnitrate  as  a paint,  under  the  name  of  pearl-white. 

The  salts  of  bismuth  also  occur  in  washes  for  the  hair,  and 
pearl-white  is  used  as  a cosmetic,  but  only  to  a small  extent. 

§ 178.  Medicinal  Doses  of  Bismuth. — The  subnitrate  and  car- 
bonate are  prescribed  in  doses  from  1 toj20  grains  (-0648  to  1‘28G 
grm.);  the  valerianate,  from  2 to  10  grains  (*1280  to  ‘640  grm.); 
and  the  solution,  from  h drachm  to  1|-  drachm  (1*7  cc.  to  5'2  cc.) 

Poisonous  Doses  of  Bismuth. — Pure  metallic  bismuth  is  not 
known  to  possess  any  poisonous  action.+  Two  drachms  of  the 
subnitrate  have  caused  the  death  of  a man  in  nine  days,];  and 
other  cases  of  poisoning  by  larger  doses  are  on  record.  The 
evidence,  however,  as  to  the  smallest  dose  of  bismuth  required 
to  produce  symptoms  of  poisoning  is  not  very  satisfactory,  for 
in  the  cases  recorded  the  salt  may  have  been  contaminated  with 
arsenic. 

§ 179.  Extraction  and  Detection  of  Bismuth  in  Animal  Matters. — 
Bismuth  appears  to  be  excreted  principally  by  the  bowels  as 
sulphide  of  bismuth ; but  it  has  also  been  detected  in  the  urine, 
spleen,  and  liver ; and  Lubinsky  has  found  it  in  the  saliva  and 
in  the  epithelium  of  the  mouth  of  persons  taking  one  of  its  pre- 
parations. Without  denying  the  possibility  of  its  existing  in  a 
soluble  state  in  the  saliva,  its  presence  in  the  mouth  may,  under 
such  circumstances,  be  ascribed  to  the  lodgment  of  particles  of 
subnitrate  or  subcarbonate  of  bismuth  in  the  interstices  of  the 
teeth,  &c.  It  will  then  be  evident,  that  if  a person  is  supposed 
to  have  been  poisoned  by  a large  dose  of  bismuth,  and  the 
analyst  fails  to  find  it  in  the  stomach,  the  contents  of  the 
bowels  should  be  next  examined. 

The  extraction  of  bismuth  must  be  undertaken  by  nitric  acid, 
and  boiling  for  at  least  two  hours  may  be  necessary  to  dissolve 
it  out  from  the  tissues.  Such  organs  as  liver  and  spleen  are 
boiled  in  a finely  divided  state  with  a litre  of  dilute  nitric  acid 
(strength,  5 per  cent.),  for  the  time  mentioned,  filtered,  and  the 
filtrate  evaporated  to  dryness;  the  remainder  is  then  carbonised 

* According  to  Mr.  Field  ( Cliem.  News,  vol.  36,  261),  bismuth  is  contained 
in.  all  copper  coinage — from  the  Bactrian  coins  (161  b.c.)  to  our  own  ; 
generally,  in  all  cupreous  ores  except  the  carbonates  j and  in  nearly  all 
specimens  of  commercial  copper. 

t Valenciennes,  A.,  Beitrdgezur  Metalhirgie  des  Bismuths;  Ann.  de  Chtm. 
Phys.,  1874,  I.,  p.’397;  Wagner’s  Jahresberichf,  1874,  s.  202. 

X Taylor,  “Prin.  Med.  Juris.,”  i.  321. 


.J 


430 


A MANUAL  OF  PRACTICAL  CHEMISTRY. 


[§  179- 


by  sti’ong  nitric  acid;  and,  finally,  the  charcoal  is  boiled  witli 
equal  parts  of  nitric  acid  and  water,  and  the  whole  evaporates 
to  dryness.  By  this  method  every  trace  of  bismuth  is  extracted 
The  dry  residue  may  now  be  brought  into  solution,  and  testeo 
for  bismuth.  The  best  solvent  for  the  nitrate  of  bismuth  i 
dilute  nitric  acid  50  per  cent.;  the  dry  residue  is  therefore  dia 
solved  in  100  or  200  cc.  of  the  acid,  and  fractional  parts  takes 
for  examination  : — 

(1.)  The  solution,  poured  into  a large  volume  of  warm  distillet^ 
water,  gives  a crystalline  precipitate  of  subnitrate  of  bismuth 
The  only  metal  giving  a similar  reaction  is  antimony,  and  thb 
is  excluded  by  the  method  employed. 

(2.)  The  filtered  fiuid  gives  on  addition  of  sodic  chloride 
precipitate  of  oxychloride.  This,  again,  is  distinguished  fron, 
oxychloride  of  antimony  by  its  insolubility  in  tartaric  acid. 

(3.)  Any  bismuth  precipitate,  mixed  with  soda  or  charcoai 
gives  a brittle  bead  of  bismuth ; the  coal  is  coated  whilst  warn 
a dark  orange-yellow,  on  cooling  citron-yellow. 

(4).  The  bead  may  be  identified  by  powdering  it,  placing  i 
in  a short  subliming  tube,  and  passing  over  it  dry  chlorine.  Th 
powder  first  turns  black,  then  melts  to  an  amber-yellow  fluidi 
and  finally,  in  prolonged  heating,  sublimes  as  terchloride  o 
bismuth. 

(5.)  Avery  delicate  test  proposed  by  Abel  and  Field,  in  1862,. 
specially  for  the  detection  of  bismuth  in  copper  (but  by  n 
means  confined  to  mineral  analysis),  utilises  the  fact,  that  i 
iodide  of  lead  be  precipitated  from  a fluid  containing  the  leasi 
trace  of  bismuth,  instead  of  the  yellow  iodide  the  scales  assume  t 
dark  orange  to  a crimson  tint.  A solution  of  nitrate  of  lead  is  usew 
to  the  nitric  acid  solution;  ammonia  and  carbonate  of  ammoni- 
added;  the  precipitate  washed,  and  dissolved  in  acetic  acid;  andi 
Anally,  excess  of  iodide  of  potassium  added.  It  is  said  that  thu 
so  small  a quantity  as  ‘00025  grm.  may  be  detected  in  coppe. 
with  the  greatest  ease,  the  iodide  of  lead  becoming  dark  orangej 
•001  grain  imparts  a reddish-brown  tinge,  and  ‘01  grain  a crimson 

(6.)  Van  Kobell’s  test,  as  modified  by  Hutchings,  f and  pra 
posed  more  especially  for  the  detection  of  bismuth  in  mineralsi 
is  capable  of  being  applied  to  any  solid  compound  suspected  o 
containing  the  metal : — A mixture  of  precipitated  and  purifieu 
cuprous  iodide,  with  an  equal  volume  of  flowers  of  sulphur,  i 
})repared,  and  2 parts  of  this  mixture  are  made  into  a paste  witL 
1 part  of  the  substance,  and  heated  on  a slip  of  charcoal  on  ai 
aluminium  support  by  the  blowpipe  flame.  If  bismuth  bii 
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* Journ.  Chem.  Soc.,  1862,  xiv.  290;  Chem.  News,  xxxvi.  261. 
r Chem.  News,  xxxvi.  249. 
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present,  the  red  bismuth  iodide  will  sublime,,  and  on  clean 
aluminium  is  easily  distinguishable. 

There  are  many  other  tests,  but  the  above  are  more  than 
sufficient. 

§ 180.  Estimation  of  Bismuth. — The  estimation  of  bismuth, 
when  in  any  quantity  easily  weighed,  is,  perhaps,  best  accom- 
plished by  fusing  the  sulphide,  oxide,  or  other  compound  of 
bismuth,  in  a porcelain  crucible  with  cyanide  of  potash ; the 
bismuth  is  reduced  to  the  metallic  state,  the  cyanide  can  be 
dissolved  out,  and  the  metallic  powder  washed  (first  with  water, 
lastly  wfith  spirit),  dried,  and  weighed. 

Mr.  Pattison  Muir  has  shown*  that  bismuth  may  be  separated 
from  iron,  aluminium,  chromium,  and  manganese,  by  adding  am- 
monia to  the  acid  solutions  of  these  metals. 

This  observation  admits  of  many  applications,  and  may  be 
usefully  taken  advantage  of  in  the  separation  of  bismuth  from 
the  nitric  acid  solution  of  such  animal  matters  as  liver,  &c.  The 
acid  liquid  is  partially  neutralised  by  ammonia,  and  on  diluting 
with  warm  water  containing  a little  sodium  or  ammonium 
chloride,  the  whole  of  the  bismuth  is  precipitated  as  oxychloride, 
which  may  be  collected,  and  fused  with  cyanide  of  potash,  as 
above. 

If  the  bismuth  precipitate  is  in  small  quantity,  or  if  a num- 
ber of  estimations  of  bismuth  are  to  be  made,  it  is  most  convenient 
to  use  a volumetric  process.  In  the  case  first  mentioned,  the 
oxychloride  could  be  dissolved  in  nitric  acid,  sodium  acetate 
added  in  excess,  and  sufficient  acetic  acid  to  dissolve  any  pre- 
cipitate which  has  been  produced,  and  then  titrated  by  the 
following  method,  which  we  also  owe  to  Mr.  Pattison  Muir  : — 
Estimation  of  Bismuth  by  Potassium  Bichromate.'^ — A solution 
of  recrystallised  potassium  dichromate  (strength,  1 per  cent.)  is 
prepared.  A known  weight  of  pure  bismuthous  oxide,  BigOg,  is  dis- 
solved in  excess  of  niti’ic  acid,  and  a solution  of  sodium  acetate 
added  to  this  liquid  until  a copious  white  precipitate  is  thrown 
I down;  acetic  acid  is  then  added  in  quantity  sufficient  to  dissolve 
he  precipitate  completely,  and  to  insure  that  wdien  the  liquid  is 
aade  up  with  water  to  a fixed  volume  no  precipitate  shall  be 
brined.  A certain  volume  of  this  liquid  is  withdrawn  by  means 
>f  a pipette,  placed  in  a beaker,  and  heated  to  boiling  ; the  potas- 
iium  dichromate  is  then  gradually  run  in  from  a burette,  the 
iquid  being  boiled  between  each  addition  of  the  solution,  until 
drop  of  the  supernatant  liquid  gives  a faint  reddish-brown 
oloration  when  spotted  with  silver  nitrate  on  a w'hite  slab. 

‘Pattison  Muir  on  Certain  Bismuth  Compounds.  Joum.  Chein.  Soc., 
. 1876.  + ^bid.,  i.  659. 
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Another  very  generally  applicable  volumetric  method  fo 
bismuth  has  been  j^roposed  by  Mr.  Muir.*  This  depends  on  th 
fact  (observed  by  Sonchay  and  Leussent),  that  normal  bismuti 
oxalate  splits  up  on  boiling  into  a basic  oxalate  of  the  compos- 
tion  Bi2032C203  + OHg,  but  slightly  soluble  in  nitric  acid.  Tb 
process  is  performed  by  precipitating  the  bismuth  by  excess  < J| 
oxalic  acid,  dissolving  the  precipitate  (first  purified  from  freBf 
oxalic  acid)  in  dilute  hydrochloric  acid,  and  lastly,  titratinj|j 
by  permanganate.  The  absence  of  free  hydrochloric  acid  befoi  H 
precipitating  must  be  insured.  I| 


IV.— SILVER.  I 

§181.  Silver  = 108;  specific  gravity,  10-5;  fusing  poinl 
1023°C.  (1873°F.)  Silver,  as  separated  in  analysis,  is  either  fl 
very  white,  glittering,  metallic  bead,  or  a dull  grey  powder, 
does  not  lose  weight  on  ignition,  and  is  soluble  in  dilute  nitr' 
acid. 

§ 182.  Chloride  of  Silver,  AgCl  = 143-5  ; specific  gravity,  5-55S; 
Ag  75-27  per  cent..  Cl  24-73  jier  cent.,  is  a dense,  white,  curd- 
precipitate,  when  produced  in  the  wet  way.  It  is  very  insolub 
in  water,  dilute  nitric  acid,  and  dilute  sulphuric  acid;  in  man 
warm  solutions  (especially  aqueous  solutions  of  the  chloridi 
generally),  the  alkaline  and  alkaline-eai'thy  nitrates,  and  tartan 
acid  solutions,  the  silver  is  dissolved  to  an  appreciable  exten: 
but  deposited  again  on  diluting  and  cooling.  The  complel- 
sol vents  of  chloride  of  silver  are — ammonia,  cyanide  of  potassiuii 
and  hyposulphite  of  soda.  Chloride  of  silver  cannot  be  fused  f 
a high  heat  without  some  slight  loss  by  volatilisation;  on  coal  i 
the  O.F.,  it  fuses  very  easily  to  a globule.  It  can  with  soda  I 
reduced  to  metal,  and  can  also  readily  be  reduced  by  ignition  i 
a current  of  hydrogen,  carbonic  oxide,  or  carburetted  hydroge 
gas. 

§183.  Sulphide  of  Silver,  Ag2S  = 248;  specific  gravity,  7‘2 
Ag  87-1  per  cent.,  S 12-9  percent.,  when  prepared  in  the  w(i 
way,  is  a black  precipitate,  insoluble  in  water,  dilute  acids,  an. 
alkaline  sulphides.  If  ignited  in  hydrogen  it  may  be  reduca 
to  the  metallic  state;  it  is  soluble  in  nitric  acid,  with  separa 
tion  of  sulphur. 

* Journ.  Chem.  Soc.,  1877. 
t Ann.  Chem.  Pharm.,  cv.  245. 
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§ 184.  Preparations  of  Silver  used  in  Medicine  and  the  Arts. 

(1.)  Medicinal  Preparations : — 

Nitrate  of  Silver,  AgNOg ; Ag  C3-51  per  cent.,  NgOg  3G-49  per 
cent.  This  salt  is  either  sold  crystallised  in  colourless  rhombic 
pi’isras,  or  in  the  form  of  small  white  pencils  or  sticks.  It  gives 
the  reaction  for  silver  and  niti’ic  acid,  and  stains  the  skin  black. 
100  parts  dissolved  in  distilled  water  should  give,  with  hydro- 
chloric acid,  a precipitate  which,  when  w'ashed  and  dried,  weighs 
83 ‘4  parts.  The  silver  is,  however,  far  more  quickly  estimated 
by  the  blowpipe,  than  in  the  wet  way.  1 grm.  fused  in  a cavity 
on  charcoal  should  give  a little  globule  of  metallic  silver,  weigh- 
ing about  ’635 1 grm.  The  chief  adulterations  of  this  substance  ai'e 
copper,  lead,  and  nitrate  of  potash.  If  all  the  silver  is  precipi- 
tated by  hydrochloric  acid,  carefully  filtered  off,  and  the  filtrate 
evaporated  to  dryness,  any  residue  will  denote  adulteration  or 
impurity. 

Argenti  Oxidum,  Oxide  of  Silver,  Ag20  = 116;  Ag  93T9  per 
cent.  A dark  olive-brown  powder,  soluble  in  ammonia  and 
nitric  acid.  By  ignition  it  readily  yields  metallic  silver.  The 
P.B.  directs  that  29  grains  of  the  oxide  should  yield  27  of 
metallic  silver. 

Nitrate  of  Silver  and  Potash,  Argentum  nitricum  cum  kali 
nitrico  (AgNOg  + KNOg).  This  preparation  is  contained  in  the 
German,  Austrian,  and  Norwegian  pharmacopeias.  It  is  dh'ected 
(that  100  parts  of  the  German  and  Austrian  preparation  should, 
on  analysis,  yield  not  less  than  27  parts  of  chloride  of  silver 
(20-3  Ag),  and  the  Norwegian  less  than  42-058  parts  of  chloride 
of  silver  (31-64  Ag) ; the  first  being  prepared  in  the  proportion 
of  1 of  silver  nitrate  to  2 of  potassic  nitrate,  whilst  in  the  Nor- 
wegian equal  parts  are  used. 

(2.)  Silver  hi  the  Arts. — The  uses  of  the  metal  in  coinage, 
irticles  for  domestic  purposes,  for  ornament,  &c.,  are  too  well 
cnown  to  require  enumeration.  The  only  forms  in  which  silver 
s likely  to  give  rise  to  accident  are  the  salts  used  in  medicine, 
i»hotography,  in  the  dyeing  of  hair,  and  in  the  manufacture  of 
narking  inks. 

Hair-dyes. — About  one-half  of  the  hair-dyes  in  use  are  made 
•dth  nitrate  of  silver.  The  following  are  only  a few  of  the 
ecipes : — 

Aqua  Orientalis. — Grain  silver  2 drachms,  nitric  acid  1 oz.,  steel 
lings  4 drachms,  distilled  water  1^  oz. ; the  whole  finally  made  up 
3 3^  fluid  oz.,  and  filtered. 

Argentan  Tincture. — Nitrate  of  silver  1 drachm,  rose  water  1 
uid  oz.,  sufficient  nitrate  of  copper  to  impart  a greenish  tint. 

2 F 
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Eau  d'  AfriqiLe.—^^^o  solutions— one  of  nitrate  of  silver,  tlie  otlu  I 
of  potash,  containing  ammonium  sulphide.  I 

The  photographer  uses  various  salts  of  silver,  the  chief  of  whia  I 
are — the  nitrate,  iodide,  bromide,  cyanide,  and  chloride  of  silve  I 
Marking  Inks. — Some  of  the  more  important  recipes  for  marl  1 
ing  ink  are  as  follows  : — I 

Nitrate  -of  silver  1-0  part,  hot  distilled  water  3 -6  parts,  muci  j 
lage,  previously  rubbed  with  sap-green,  I'O  part.  With  this  I 
sold  a ‘‘pounce,”  or  preparation  consisting  of  a coloured  solutiaH 
of  sodic  carbonate.  Another  preparation  is  very  similar,  bi  B 
with  the  addition  of  ammonia  and  some  colouring  matter,  suciH 
as  indigo,  syrup  of  buckthorn,  or  sap-green.  A third  is  macJJ 
with  tartaric  acid  and  nitrate  of  silver,  dissolved  in  amnion  |j 
solution  and  coloured. 

Redwood's  consists  of  equal  parts  of  nitrate  of  silver  and  potass= 
bitartrate,  dissolved  in  ammonia,  with  the  addition  of  archil  wree 
and  sugar;  according  to  the  formula,  100  parts  should  equal  16j 
of  silver  nitrate. 

Souheiran! B Ink  is  composed  of  cupric  nitrate  3,  argentic  nitrai 
8,  sodic  carbonate  4,  and  the  whole  made  up  to  100  parts,  in  sol, 
tion  of  ammonia.  In  one  of  Mr.  Reade’s  inks,  besides  silver,  a 
ammoniacal  solution  of  a salt  of  gold  is  used. 


Medicinal  Dose  of  Silver  Cowgwunds. — The  nitrate  and  the  oxid 
of  silver  are  given  in  doses  from  ^ grain  to  2 grains  [-01G2  H 
T29G  grm.]  Anything  like  3 or  4 grains  [T944  to  -2592  grir|| 
would  be  considered  a large,  if  not  a dangerous  dose  ; but  nothii 
definite  is  known  as  to  what  would  be  a poisonous  dose. 

§ 185.  Detection  and  Estimation  of  Silver. — The  examination 
the  solid  salts  of  silver  usually  met  with  (viz.,  the  nitrate,  bromicl* 
iodide,  cyanide,  and  chloride)  is  most  speedy  by  the  dry  meth(w 
on  charcoal ; in  this  way  in  less  than  120  seconds  any  practici 
chemist  could  identify  each  compound.  The  nitrate,  bromicl 
iodide,  and  cyanide,  all,  if  ignited  on  charcoal,  yield  buttons 
metallic  silver — deflagration,  bromine  vapours,  iodine  vapouu 
and  cyanogen  vapours,  being  the  respective  phenomena  observe* 
Chloride  of  silver  fuses  to  a pearl-grey,  brown,  or  black  globui 
on  chai'coal,  according  to  its  purity ; but  is  only  in  the  R. 
gradually  reduced  to  metal.  With  soda,  or  fused  in  hydrogcj 
or  coal  gas,  the  reduction  is  rapid  enough. 

Nitrate  of  Silver  in  solution  might  be  identified  by  a very  lan^ 
number  of  tests,  since  it  forms  so  many  insoluble  salts.  1 
practice  one  is,  however,  satisfied  with  three  tests — viz.,  (1-) 
curdy  precipitate  of  chloride,  on  the  addition  of  hydrocliloi’i 
acid  or  alkaline  chlorides,  soluble  only  in  ammonia,  cyanide  •- 
potash,  or  hyposulphite  of  soda ; (2.)  a yellow  precipitate,  hi| 
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little  soluble  in  ammonia,  on  the  addition  of  iodide  of  potash  ; 
and,  (3.)  a blood-red  precipitate  on  the  addition  of  chromate  of 
potash. 

The  separation  of  silver  from  the  contents  of  the  stomach  is 
best  ensured  by  treating  it  with  cyanide  of  potash ; for  unless  a 
very  large  quantity  of  silver  nitrate  has  been  taken,  it  is  toler- 
ably certain  that  the  whole  of  it  has  passed  into  chloride,  and  will, 
therefore,  not  be  attacked  easily  by  acids.  The  contents  of  the 
stomach,  then,  or  the  tissues  themselves,  are  placed  in  a flask  and 
warmed  for  some  time  with  cyanide  of  potash,  first,  if  necessary, 
adding  ammonia.  The  fluid  is  sepai-ated  from  the  solid  matters 
by  subsidence  (for  an  alkaline  fluid  of  this  kind  will  scarcely 
filter),  and  then  decomposed  by  hydrochloric  acid  in  excess. 
The  flask  containing  this  fluid  is  put  on  one  side  in  a warm 
place,  and  the  clear  fluid  decanted  from  the  insoluble  chloride. 
The  latter  is  now  collected  on  a filter,  well  washed  with  hot 
water,  and  then  dried  and  reduced  on  charcoal ; or  it  may  be 
put  in  a little  porcelain  crucible  with  a rod  of  zinc  and  a few 
drops  of  hydrochloric  acid.  The  silver  is  soon  deposited,  and 
m\ist  be  washed  with  water,  then  with  sulphuric  acid.  By  the 
aid  of  a wash-bottle  the  particles  of  silver  are  now  collected  on 
small  filter,  again  washed,  and  on  the  moist  mass  a crystal  of 
itrate  of  potash  and  a little  carbonate  of  soda  laid.  The  whole 
s then  dried,  and  all  the  filter  cut  away,  save  the  small  portion 
containing  the  silver.  This  small  portion  is  now  heated  on  char- 
3oal  until  a little  button  of  pure  silver  is  obtained,  which  may 
irst  be  weighed,  then  dissolved  in  nitric  acid,  and  tested  by  the 
ethods  detailed. 

In  a similar  way,  hair  suspected  of  being  dyed  with  silver 
>an  be  treated  with  chlorine  gas,  and  the  chloride  dissolved  in 
)otassic  cyanide. 

Spots  on  linen,  and,  generally,  very  small  quantities  of  silver 
ay  be  detected  by  a simple  galvanic  process: — the  substance  is 
reated  with  solution  of  cyanide  of  potash,  and  submitted  to  a 
veak  galvanic  current,  using  for  the  negative  plate  a slip  of 
opper;  for  the  positive,  platinum ; the  silver  is  deposited  on  the 
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V.— MERCURY. 

§ 186.  Mercuo'y,  Hg  = 200j  specific  gravity,  13-596;  boiling 
nnt,  350°C.  (662°F.)  This  well-known  and  familiar  fluid  metal 
"aporates  and  sublimes  to  a minute  extent  at  all  temperatures 
)ove  5°C.  When  precipitated  or  deposited  in  a finely-divided 
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state,  the  metal  can  only  be  nnited  into  a single  globule,  if  it  i 
fairly  pure;  very  slight  fatty  impurities  especially  will  preven> 
the  union.  It  is  insoluble  in  hydrochloric  acid,  soluble  to 
slight  extent  in  dilute  cold  sulphuric  acid,  and  completely  solubl: 
in  concentrated  sulphuric  and  in  nitric  acid.  It  combines  direct! 
with  chlorine,  bromine,  and  iodine,  which  (in  presence  of  fre- 
alkali)  readily  dissolve  it.  It  is  unalterable  at  100°C.,  and  whe:]^ 
exposed  to  a high  temperature  sublimes  unchanged. 

Mercurous  Chloride  {Calomel,  HgCl  = 23'5;  specific  gravity 
7-178;  subliming  temperature,  111-6°C. ; Hg  84-94  per  cent,,  C 
15-06  per  cent.),  when  prepared  in  the  wet  way  is  a heavy  w-hit 
powder,  absolutely  insoluble  in  cold,  but  decomposed  by  boilin 
water.  It  may  be  converted  into  the  mercuric  chloride  b 
chlorine  water  and  aqua  regia.  Chloride  of  ammonium,  pota.  I 
sium,  and  sodium,  all  decompose  calomel  into  metallic  mercur.  I 
and  mercuric  chloride.  It  is  easily  reduced  to  metal  in  a tub  I 
with  soda  potash,  or  burnt  magnesia.  I 

§ 187.  Sulphide  of  Mercury  (Hg^S ; Hg  86-21  per  cent.,  I 
13-79  per  cent.)  is  a black  powder,  dissolving  in  nitro-muriati  I 
acid,  but  very  insoluble  in  water  or  other  acids.  It  is  also  insolub  I 
in  alkaline  sulj^hides,  with  the  exception  of  sulphide  of  potassiun  I 


IMercury  in  the  liquid  state  has  been  occasionally  administera 
in  constipation;  its  internal  use  is  now  obsolete,  or  ought  to  b 
Gmelin  has  found  samples  adulterated  with  metallic  bismut'; 
a substance  which  only  slightly  diminishes  the  fiuidity  of  mej 
cury;  this  adulteration  may  be  detected  by  shaking  the  mercuii 
in  air,  and  thus  oxidising  the  bismuth.  Mercury  may  ali» 
contain  vainous  mechanical  impurities,  which  are  detected  h 
squeezing  the  metal  through  chamois  leather.  Tin  and  zinc  mas 
be  dissolved  out  by  hydrochloric  acid,  and  all  fixed  impuritid 
(such  as  lead  and  bismuth)  are  at  once  discovered  on  sublimin 
the  metal. 

Mercury  and  Chalk,  Hydrargyrum  cum  creta. — Mercury,  33-3 
per  cent.;  chalk,  66-67.  ' 

Blue  Pill,  Pilula  hydrargyri. — Mercury  in  a finely  divided  stati  j 
mixed  with  confection  of  roses  and  liquorice  root;  the  mercuii  I 
should  be  in  the  proportion  of  33-33  per  cent.  I 

Mercury  Plaster,  Emplastrum  hydrargyri,  made  with  mercuri  I 
olive  oil,  sulphur,  and  lead  plaster;  it  sliould  contain  Hg  33  p( 
cent.;  sulphur,  18  jier  cent. 

Ammoniac  and  Mercury  Plaster,  Emplastrum  ammoniaci 


§ 188.  Medicinal  Preparations  of  Mercury. 


hydrargyro. — Gum,  ammonia,  mercury,  olive  oil,  and  sulphu 
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it  should  contain  19-8  per  cent,  of  Hg,  and  -1  per  cent,  of 
sulphur. 

Mercurial  Ointment,  Unguerdum  hydrargyri. — Mercury  mixed 
with  lead  and  .suet,  all  three  in  equal  weights;  therefore  it 
should  contain  33’3  per  cent,  of  mercury. 

Compound  Mercury  Ointment,  Unguentum  hydrargyri  com- 
positum. — Made  with  ointment  of  mercury,  yellow  wax,  olive 
oil,  and  camphor;  it  should  contain  14-3  per  cent.  Hg,  and 
11 'll  per  cent,  of  camphor. 

Liniment  of  Mercury,  Linimentum  hydrargyri,  is  made  of 
mei’curial  ointment,  solution  of  ammonia,  and  liniment  of  cam- 
phor; it  may  contain  about  10  per  cent,  of  mercury. 

Mercurial  Suppositories,  Suppositoria  hydrargyri,  composed  of 
ointment  of  mercury,  benzoated  lard,  white  wax,  and  oil  of 
theobroma.  It  should  contain  about  11 'll  per  cent,  of  Hg,  and 
each  suppository  should  weigh  15  grains. 

Acetate  of  Mercury,  Mercurous  acetate,  is  not  contained  in  the 
B.P.,  but  is  officinal  on  the  Continent.  It  is  a salt  occurring  in 
white  micaceous  scales,  soluble  in  133  parts  of  cold  water,  giving 
the  reaction  of  acetic  acid  and  mercury,  and  vei’y  readily  decom- 
posed. 

Mercuric  Ethyl  Chloride,  Hydrargyrum  cethylo-chloratum,  is  used 
as  a medicine  on  the  Continent.  It  occurs  in  Avhite,  glittering, 
crystalline  scales,  which  take  on  pressure  a metallic  appearance, 
and  possess  a peculiar  ethereal  odour;  it  is  but  little  soluble  in 
water  and  ether,  with  difficulty  in  cold  alcohol,  but  copiously 
soluble  on  boiling,  and  depositing  crystals  on  cooling.  It 
sublimes  about  40°C.  without  residue ; on  quick  heating  it 
burns  w'ith  a weak  flame,  developing  a vapour  of  metallic  taste 
and  unpleasant  odour.  It  gives  no  precipitate  with  silver  nitrate, 
nor  with  albumen. 

Corrosive  Suhlimate,  Mercuric  chloride,  HgCl2  = 271;  Hg  73 ’8 
per  cent..  Cl  2Gd  per  cent.  In  commerce  this  salt  occurs  in  trans- 
parent, heavy, colourless  masses,  which  have  a crystalline  fracture; 
if  placed  in  the  subliming  cell  described  at  p.  284,  it  sublimes 
at  about  82-2°C.  (180°F.),  and  melts  at  higher  temperatures. 
The  sublimate  is  generally  in  groups  of  plates  drawn  to  a 
[)oint  at  both  ends,  in  crystalline  needles,  or  in  octahedra  with  a 
fectangular  base.  It  dissolves  in  16  parts  of  cold  water  and 
ibout  3 of  boiling,  and  is  very  soluble  in  solutions  of  the  alkaline 
flilorides  ; it  dissolves  also  in  ether,  and  can  be,  to  a gieat  extent, 
withdrawn  from  aqueous  solutions  by  this  agent.  Alcohol 
lissolves  nearly  one-third  its  weight  of  the  salt,  and  its  own 
■veio-ht  when  boiling.  It  combines  with  albumen;  gives  when  in 
solution  a precipitate  of  mercuric  oxide,  when  tested  with  solu- 
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tion  of  potasli ; a white  precipitate  with  ammonia ; a scarlet  with 
iodide  of  potash,  and  a black  precipitate  of  finely  divided  mercury 
with  protochloride  of  tin.  If  a crystal  (when  placed  in  the 
subliming  cell)  gives  a crystalline  sublimate  at  about  the  tem- 
perature mentioned,  and  this  sublimate  becomes  of  a red  colour 
Avhen  treated  with  a droplet  of  iodide  of  potash,  it  can  be  no 
other  substance  than  corrosive  sublimate. 

Solution  of  Perchloride  of  Mercury,  Liquor  hydrargyri  per- 
chloridi,  is  simply  10  grains  of  perchloride  of  mercury  and 
chloride  of  ammonium  in  a pint  of  water;  100  cc.  therefore' 
should  contain  •114  grm.  corrosive  sublimate. 

Yellow  Mercurial  Lotion,  Lotio  hydrargyri  flava. — Perchloridei 
of  mercury  18  grains,  mixed  with  1 ounce  of  solution  of  lime. 

Calomel,  * Hydrargyri  suhchloridum.  — The  properties  of> 
calomel  have  been  already  described.  It  sometimes  contains  as. 
an  impurity  corrosive  sublimate,  which  may  be  dissolved  out  by 
ether.  Carbonate  of  lead,  sulphate  and  carbonate  of  baryta,, 
gum,  and  starch,  are  the  usual  adulterants  mentioned.  If  on 
the  application  of  heat  calomel  entirely  sublimes,  it  must  be  free? 
from  the  substances  mentioned. 

Black  Mercurial  Lotion,  Lotio  hydrargyri  nigra. — Calomel  30< 
grains,  mixed  with  10  fluid  ounces  of  lime-water. 

Compound  Bill  of  Subchloride  of  Mercury. — Calomel  and  sul-i 
phurated  antimony,  each  1 ounce,  guiac  resin  2 ounces,  castor-i 
oil  1 fluid  ounce.  1 grain  (’0648  grm.)  of  calomel,  and  thei 
same  quantity  of  antimony  sulphide,  are  contained  in  every  5 
grains  (-324  grm.)  of  the  pill  mass — i.e.,  calomel  20  per  cent. 

Ointment  of  Suhchloride  of  Mercury,  Unguentum  hydrargyri  suh- 
chloridi. — Calomel  mixed  with  lead  ; strength  about  14-2  per  cent.- 

White  Precipitate,  Hydrargyrum  ammoniatum,  NH,,IIgCl. — A 
white,  heavy  powder,  subliming  by  heat  without  residue,  and. 
insoluble  in  water,  alcohol,  and  ether.  With  soda,  it  yields  a 
metallic  sublimate.  When  boiled  with  potash,  ammonia  is  evolved,, 
the  yellow  oxide  of  mercury  formed,  and  chloride  of  potash  passes- 
into  solution.  It  should  contain  79-5  per  cent,  of  mercui-y. 

The  fusible  white  precipitate  of  the  pharmacopeia  of  thei 
Netherlands  does  not  appear  to  be  of  constant  composition, 
varying  between  69-4  to  65-6  per  cent,  of  mercury,  -t  It  meltsi 
on  heating,  and  leaves  as  a residue  chloride  of  sodium. 

Commercial  white  precipitate  is  frequently  adulterated ; Barnesi 
has  found  carbonates  of  lead  and  lime,  the  latter  to  the  extent  of’ 

* Tt  would  .appear  that  in  America  a cosmetic  is  in  use,  consisting  of  calomel^ 
mixed  into  a paste  with  water.  Vide  “A  Dangerous  Cosmetic,”  by  C.  H. 
Dicsse.  Analyst  [25],  1878,  p.  241. 

fHirsch,  “Die  Friifung  der  Artzneimittel .” 
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j nearly  2 per  cent.*  Calomel,  according  to  NickleSjt  kas  been 
j substituted  for  white  precipitate,  but  this  was  several  years  ago. 
C The  methods  for  detection  are  obvious. 

i I Ointment  of  Ammoniated  Mercury,  Unguentum  hydrargyri 
I i ammoniati. — 62  grains  of  the  substance  mixed  with  an  ounce  of 

{simple  ointment. 

Red  Iodide  of  Mercury,  Hydrargyrum  iodidum  ruhrum,  Hgl2. — 

I A crystalline  powder  of  a scarlet  colour,  becoming  yellow  on 
e ! gentle  heating.  It  is  very  insoluble  in  water,  one  part  requiring 
iq  from  6000  to  7000  parts;  soluble  in  130  parts  of  cold,  150  of 
; liot  alcohol ; and  dissolving  freely  in  ether,  or  in  aqueous  solu- 
1* , tion  of  iodide  of  potassium. 

3s : Ointment  of  Red.  Iodide  of  Mercury,  Unguentum  hydrargyri 

ill  iodidi  rubri. — 16  grains  of  the  substance  mixed  with  an  ounce 

1^ : of  simple  ointment. 

l|  Green  Iodide  of  Mercury,  Hydrargyri  iodidum  viride,  Hgl. — 
i A dingy,  greenish-yellow  powder,  darkening  on  exposure  to  light, 
i‘  and  easily  decomposed  into  the  red  iodide. 

i ’ Red  Oxide  of  Mercury,  Hydrargyri  oxidum  ruhrum,  HgO  = 216; 
J ' Hg  92T2  per  cent. ; specific  gravity,  1 1 to  1 1 ‘3,  small,  red,  shining, 
' i crystalline  scales,  very  insoluble  in  water,  requiring  about  20,000 
1 j parts ; entirely  soluble  in  hydrochloric  acid.  By  a heat  below 
b redness  it  may  be  volatilised,  and  at  the  same  time  decomposed 
into  mercury  and  oxygen.  Its  principal  impurity  is  nitric  acid, 
'J  i readily  detected  by  the  usual  tests,  or  by  heating  in  a test-tube, 
I-  I when,  if  nitric  acid  is  present,  orange  vapours  will  be  evolved. 
■!  ' Fixed  red  powders  (such  as  brick-dust  and  minium)  are  detected 
f : by  being  left  as  a residue,  after  the  application  of  heat  sufii- 
1 j cient  to  volatilise  the  mercury. 

1 j Sidj)hate  of  Mercury,  a white  crystalline  powder  decomposed 
’ t by  water  into  the  very  insoluble  basic  salt  of  mei’cury  known  as 
1 Turhith  mineral,  HgS0^2HgO, 

i ^ Turhith,  or  Turpeth,  Mineral,  is  contained  in  the  French  phar- 
« ' niacopeia,  HgS042Hg0;  Hg  82-4  per  cent. ; specific  gravity  8-319. 

i It  requires  for  solution  2000  pai'ts  of  cold,  and  600  of  boiling 
I j water ; but  dissolves  with  tolerable  ease  in  hydrochloric  acid. 

. I The  Sulphide  of  Mercury,  known  in  commerce  under  the 
( name  of  Ethiops  mineral,  is  officinal  in  France,  the  Netherlands, 
i and  Germany.  Its  pi-operties  have  been  already  described.  The 
: German  and  Dutch  pharmacopeias  require  in  it  50,  the  French 

only  33q  per  cent,  of  metallic  mercury. 

' Hahneman's  Soluble  Mercury,  II ydrargyrum  soluhile  II ahnertumni, 

' is  officinal  in  the  Dutch  pharmacopeia.  As  found  in  commerce 

* Proceed.  Brit.  Pharm.  Conf,  1867,  p.  10. 
t Jour  a.  Pharm.  et  Chim.,  le  serie,  1858,  viij.  p.,399. 
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it  contains  metallic  mercury,  nitric  acid,  and  ammonia.  Th  I 
mercury  should  be  in  the  proportion  of  86’33  per  cent.,  th. 
ammonia  2-44  per  cent. 

Crystallised  Nitrate  of  Mercury,  Hydrargyrum  nitricum  oxidu 
latum,  is  officinal  in  the  pharmacopeias  of  Germany,  Switzerland 
and  France.  The  salt  is  in  white  crystals,  giving  the  reaction ' 
of  nitric  acid  and  mercury,  decomposed  by  the  addition  of  watei 
but  fully  soluble  in  water,  if  first  moistened  with  nitric  acid: 
The  formula  of  the  neutral  salt  is  2HgO,  N20g2Ho0,  whicl 
requires  69’4  per  cent,  of  mercury. 

An  Ointment  of  Nitrate  of  Mercury,  Unguentum  hydrargyi'i 
nitratis,  is  contained  in  the  B.P. ; it  is  made  with  4 parts  or 
mercury,  nitric  acid  12,  lard  15,  olive  oil  32. 

A Chloride  of  Mercury  and  Quinine  exists  in  commei’ce,  prei 
])ared  by  mixing  one  part  of  corrosive  sublimate  in  so]utioi> 
with  three  parts  of  quinine  chloride,  evaporating,  and  crystab 
Using. 

Cyanide  of  Mercury,  HgCy,  is  contained  in  the  French  phan 
macopeia.  It  occurs  in  small  colourless  prismatic  crystals,  easil; 
soluble  in  water.  If  to  the  solution  chloride  of  tin  be  added,  : 
black  precipitate  of  reduced  metallic  and  stannous  oxide  is 
thrown  down,  and  the  odour  of  prussic  acid  is  developed. 

Mercuric  Sulyhide,  Sulphide  of  Mercury,  Cinnabar,  Vermilion,  ii 
officinal  in  Gei'inany,  the  Netherlands,  and  France;  HgS  = 232. 
specific  gravity,  solid,  8 '2  ; Hg  86-21  per  cent.,  O 13-79  per  cent» 
For  medicinal  purposes  it  is  made  artificially.  It  is  a beautifuj 
red  powder,  insoluble  in  ail  alkaline  and  all  acid  liquids,  with 
the  exception  of  aqua  regia.  The  solution  gives  the  reactiont 
of  sulphuric  acid  and  mercury.  On  heating,  it  must  burn  away 
entirely  without  residue;  adulterations  or  impurities  are — 
minium,  lead,  copper,  and  other  metals.  The  detection  o- 
minium  is  conveniently  executed  in  the  dry  way.  Pure  cinna; 
bar,  when  heated  in  a matrass,  gives  a black  sublimate,  whicli 
becomes  red  on  friction.  If  minium  is  present,  sulphide  of  lean 
remains  as  a residue,  and  may  be  recognised  on  coal;  the  samtl 
remark  applies  to  sulphide  of  antimony.  If  it  be  desired  to  taktl 
the  percentage  of  mercury  in  cinnabar,  equal  parts  of  oxalatef 
and  cyanide  of  potassium  should  be  well  mixed  with  the  cinna-j 
V)ar,  and  heated  in  the  bent  tube  described  at  p.  447  ; by  tliifi 
means  the  whole  of  the  metallic  mercury  is  readily  obtained. 

* Dr.  Sutro  has  published  a case  (quoted  by  Taylor),  in  which  the  vapour  of| 
vermilion,  applied  externally,  ])roduced  poisonous  symptoms ; yet,  according! 
to  Polak,  the  Pensians  inhale  it  medicinally,  smoking  it  with  tobacco, 
catechu,  mucilage,  &c.,  the  only  bad  effect  being  an  occasional  stomatitis.- — 
Eulenberg:  “Gewerbe  Hygii^ne,”  p.  741. 
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I Acid  Solution  of  Nitrate  of  Mercury,  Liquor  hydrargyri  nitratis 
- ! acidus,  a colourless,  strongly  acid  liquid,  giving  the  reactions  for 
Pj  nitric  acid  and  mercury ; specific  gravity,  2-246, 

I 

I 

B':  § 189.  The  more  Common  Patent  and  Quack  Medicines  containing 
j Mercury. 

I 

I ! Mordant's  Norton's  Droios. — This  patent  medicine  is  a mixture 
t i of  the  tincture  of  gentian  and  ginger,  holding  in  solution  a little 
id  bichloride  of  mercury,  and  coloured  with  cochineal. 

? ■ Solomon's  Anti-impetigines  is  a solution  of  bichloride  of  mercury, 
V ' flavoured  and  coloured. 

' . ■ Poor  Man!s  Friend. — An  ointment  of  nitrate  of  mercuT-y. 

Brown's  Lozenges. — Each  lozenge  contains  grain  of  calomel, 
J),  and  3i  grains  of  resinous  extract  of  jalap;  the  rest  is  white 
I’j;  sugar  and  tragacanth. 

'r  Ching's  Worm  Lozenges. — Each  lozenge  contains  1 grain  of 
, calomel ; the  rest  white  sugar  and  tx'agacanth,  with  safiron  as  a 
colouring  matter. 

}/j  Storey's  Worm  Cakes. — Each  cake  2 grains  of  calomel,  2 grains 
? d of  cinnabar,  6 grains  of  jalap,  5 grains  of  ginger,  and  the  remain- 
} . der  sugar  and  water. 

'ii  Wright's  Pearl  Ointment  is  said  to  be  made  up  of  8 ounces  of 
j ■ white  precipitate  rubbed  to  a cream  in  1 pint  of  Goulard’s 
i extract,  and  to  the  mixture  is  added  7 pounds  of  white  wax  and 
i(  ; 10  pounds  of  olive  oil. 

fc  * Keyser's  Pills. — The  receipt  for  these  ^nlls  is — red  oxide  of 
I mercm-y  14  ounce,  distilled  vinegar  (dilute  acetic  acid)  1 pint; 
i dissolve,  add  to  the  resulting  solution  manna  2 lbs.,  and  triturate 
i for  a long  time  before  the  fire,  until  a proper  consistence  is 
3 attained  ; lastly,  divide  the  mass  into  pills  of  1|  grain  each. 

' j Mitchell's  Pills.— Each,  pill  contains  aloes  -8  grain,  rhubarb  TG 
i [ grain,  calomel  "16  grain,  tartar  emetic  -05. 

X i Many  Antihilious  Pills  will  be  found  to  contain  calomel,  a few 
h ! mercury  in  a finely  divided  state. 

I § 190.  Mercury  in  Veterinary  Medicine. — Farmers  and  farriers 
' I use  the  ointment  (blue  ointment)  to  a dangerous  extent,  as  a 
I dressing  for  the  fly,  and  wholesale  poisoning  of  sheep  has  been 
\ jin  several  instances  the  consequence.*  Ethiops  mineral  and 
t jTurpeth  mineral  are  given  to  dogs  when  affected  by  the  dis- 
1 itemper,  worms,  or  the  mange.  Mei’cury,  however,  is  not  very 
[ ilVequently  given  to  cattle  by  veterinary  surgeons,  ruminants 
. generally  appearing  rather  susceptible  to  its  poisonous  effects  ; 
* Taylor’s  “JMediciil  Jurisprudence,”  i.,  p.  279. 
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but  to  horses  it  is  given  in  large  doses,  especially  in  fai'cy  and 
glanders. 

Dose. — Horses. — Cinnabar  \ ounce  (14-174  grras.),  calomel  ^ 
ounce  (14-174  grins.)  or  more,  corrosive  sublimate  2 to  6 grains 
(-1296  to  -3888  grm.),  and  as  much  as  20  grains  (1-296  grm.)i 
have  been  given  in  farcy. 

Cattle. — Mercury  with  chalk  1 to  3 drachms  (3-888  to  11-64 
grins.),  calomel  1 to  2 drachms  (3-888  to  7-7776  grins.);  in  worms-- 
iO  to  20  grains  (-648  to  1-286  grm.);  as  an  alterative,  Ethiopsi 
mineral  2 to  4 drachms  (7-777  to  15-552  grins.) 

Dogs. — Ethiops  or  Turpeth  mineral  2 to  20  grains  (-1296  to 
1-296  grm.),  according  to  the  size. 

Fowls. — Mercury  and  chalk  are  given  in  fractions  of  a grain. 

Hogs  are  also  treated  with  mercury  and  chalk;  the  dose  usually 
given  does  not  exceed  5 grains  (-32  grm.) 

It  may  be  remarked  that  many  of  the  doses  quoted  appear; 
very  large;  the  writer  cannot  but  consider  that  20  grains  oh' 
corrosive  sublimate  administered  to  a horse  would  be  more?' 
likely  to  kill  the  animal  than  to  cure  the  disease. 

§ 191.  Mercury  in  the  Arts. — The  use  of  mercury  in  the  arts  is- 
so  extensive,  that  any  one  in  analytical  practice  is  almost  certain:! 
occasionally  to  meet  with  cases  of  accidental  poisoning,  eithen 
from  the  vapour  * or  some  of  its  combinations.  | 

Quicksilver  is  used  in  the  extraction  of  gold,  the  silvering  oh 
mirrors,  the  construction  of  barometers,  and  vai'ious  scientitici 
instruments  and  appliances  ; also  for  the  preservation  of  insects, 
and  occasionally  for  their  destruction. t An  alloy  with  zinc  and" 
cadmium  is  employed  by  dentists  for  stopping  teeth ; but  there  isi 
no  evidence  that  it  has  been  at  all  injurious,  the  mercury,-, 
probably,  being  in  too  powerful  a state  of  combination  to  be* 
attacked  by  the  fluids  in  the  mouth.  J Cinnabar  has  also  beeni 
employed  to  give  a red  colour  to  confections,  and  it  may  be  foundi 
in  tapers,  cigarette  papers,  and  other  coloured  articles.  Thet 
nitrate  of  mercmy  in  solution  finds  application  in  the  colouringi 
of  horn,  in  the  etching  of  metals,  in  the  coloui'ing  of  the  finei-* 
sorts  of  wool,  and  in  the  hat  manufacture. 


* A singular  case  is  cited  by  Tardieu  (“Etude  med.-16gale  sur  I’empoi-i 
sonnement”),  in  which  a man,  supposing  he  had  some  minerals  containimt 
gold,  attempted  the  extraction  by  amalgamation  with  mercury.  He  used* 
a portable  furnace  (for  the  purpose  of  volatilising  the  mercury)  in  a smalt 
room,  and  his  wife,  who  assisted  him,  suffered  from  a very  well-markedi 
stomatitis  and  mercurial  eruption. 

t Forty-three  persons  were  salivated  from  fumigating  rooms  with  merciiryi 
for  the  purpose  of  destroying  bugs  (Sonnenschein’s  “Handbuch,”  p.  96). 

X More  danger  is  to  be  apprehended  from  the  vulcanised  rubber  for  artificial 
teeth  ; and,  according  to  Dr.  Taylor,  accidents  have  occurred  from  the  usc| 
of  such  supiiorts  or  ])late8. 
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The  sulphocyanide  of  mercury  gives,  when  burnt,  a most 
p abundant  ash,  a fact  utilised  in  the  toy  known  as  Pharaoh’s  ser- 
|i  pent  j the  products  of  combustion  are  mercmual  vapours  and 
1 ' sulphurous  anhydride.  That  the  substance  itself  is  poisonous  is 
> . evident  from  the  following  experiment*  : — "5  grm.  was  given  to 
■ ' a pigeon  without  immediate  result;  but  ten  hovirs  afterwards  it 
li',  was  indisposed,  and  refused  its  food,  and  in  forty  hours  it  died 
n'.  without  convulsions. 

i J § 192.  Dangerous  and  Fatal  Doses  of  Mercury. — Corrosive 
j : sublimate  has  been  fatal  in  a dose  so  small  as  3 grains  (18 
tt|  centigrammes);  white  precipitate  has  caused  dangerous  symptoms 
' in  doses  of  from  30  to  40  grains ; the  cyanide  of  mercury  has 
II ‘ killed  a person  in  a dose  of  10  grains  (Christison);  and  Tui’peth 
i|i  mineral  has  proved  fatal  in  doses  of  40  gi-ains. 
j ! Other  preparations  of  mercury  have  also  been  fatal,  but  a 
^ doubt  has  existed  as  to  the  precise  quantity.  Sometimes,  also, 
'M  there  is  probably  a chemical  change  in  the  substance,  so  that  it 
i is  impossible  to  state  the  fatal  dose.  For  example,  it  is  well 
D ; known  that  calomel,  under  the  influence  of  alkaline  chlorides, 
c.  can  be  converted  into  the  bichloride — a fact  which  probably 
; explains  the  extensive  corrosive  lesions  that  have  been  found  after 
tj:  death  from  large  doses  of  calomel. 

(i  § 193.  Injury  to  Vegetation  hy  Mercury,  &c. — The  fumes  of 
n = mercury  are  extremely  injurious  to  vegetation.  Priestley  and 
jr  Boussingault  have  shown  that  plants  under  a glass  shade,  in 
)i‘  I which  some  mercury  is  exposed  in  a saucer,  first  exhibit  black 
n>  spots  on  the  leaves,  ultimately  the  latter  blacken  entirely, 
’’ . ; and  the  plants  die.  Water  in  the  neighbourhood  of  works  and 
'j  inanufactiTres  in  which  mercury  is  used  or  prepared  in  any 
, ‘ way,  may  become  contaminated,  and  both  fish  and  cattle  have  in 
this  way  been  poisoned. 

lu  § 194.  Elimination  of  M&r cur y. — The  question  of  the  channels 
.'gj  by  which  mercury  is  eliminated  is  of  the  first  importance.  It 
pi  would  appear  certain  that  it  can  exist  in  the  body  for  some  time 
in  an  inactive  state,  and  then,  from  some  change,  be  carried  into 
L the  circulation  and  show  its  effects.f  Voit  considers  that  mer- 
1^4  cury  combines  with  the  albuminous  bodies,  separating  upon  their 
oxidation,  and  then  becoming  free  and  active.  J. 

However  this  may  be,  it  is  tolerably  clear  that  in  the  adminis- 
^ ! tration  of  mercury,  most  of  it  is  excreted  by  the  bowels,  and, 

I’  ' *Eulenber2:  “ Gewerbe  Hygiene,”  p.  742.  , ^ • r 

i t Tuson  gave  a mare— first,  4 grains,  and  afterwards  o grains  of  eorrosive 

1 sublimate  twice  a day;  at  the  end  of  fourteen  days,  in  a jnnt  of  urine  no 
% ■ mercury  was  detected,  but  at  the  end  of  three  weeks  it  was  found. 

I J Voit,  “Physiol.  Chem.”  Augsburg,  1857. 
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therefore  that  the  analyst  (in  any  recent  case)  should  be  sent* 
the  whole  length  of  the  intestinal  canal,  or  its  contents,  as  well 
as  the  ordinary  organs. 

From  the  body  of  a hound  that,  in  the  course  of  thirty-onei 
days,  took  2-789  grms.  of  calomel  (2-368  Hg)  in  eighty-severn 
doses,  about  94  per  cent,  of  the  substance  was  recovered  oi> 
analysis, 

^lercurous  Sulphide. 

In  the  faeces,  .....  2-1175 

„ urine,  .....  0-0550 

,,  brain,  heart,  lungs,  spleen,  pan- 

creas, kidneys,  scrotum,  and 
penis,  .....  0-0090 

,,  liver,  ......  0-0140 

„ muscles,  .....  0-0114 

2-2069 

This  equals  1-9  of  metallic  mercury.*  Thus,  of  the  whoh 
2-2  gi'ms.  of  mercuric  sulphide  separated,  over  95  per  cent.  wa» 
obtained  from  the  faeces. 

This  case  is  of  considerable  interest,  for  there  are  recorded  in 
toxicological  treatises  a few  cases  of  undoubted  mercurial  poison: 
ing  in  which  no  poison  had  been  detected,  although  there  wai 
ample  evidence  that  it  had  been  administered  by  the  mouthi 
In  such  cases  it  is  probable  that  the  Avhole  length  of  tha 
intestinal  canal  had  not  been  examined,  and  the  analysis  failec^ 
from  this  cause.  When  (as  not  unfrequently  happens)  the  mer^ 
curial  poison  has  entered  by  the  skin,  it  is  evident  that  tha 
most  likely  localities  are  the  urine,  the  liver,  and  the  kidneys. t 

In  a case  related  by  Vidal,;';  the  Liquor  Bdlostii  (or  solution 
of  mercuric  nitrate)  was  ordered  by  mistake  instead  of  a lini 
ment.  Although  externally  applied,  it  caused  salivation,  profusa 
diarrhoea,  and  death  in  nine  days.  The  whole  of  the  intestina: 
track  was  found  inflamed  with  extravasations,  and  mercury 
detected  in  the  liver. 

In  any  case  of  external  application,  if  death  ensues  directl} 
from  the  poison,  evidence  of  its  presence  will  probably  be  found- 
but  too  much  stress  must  not  be  laid  upon  the  detection  o 

* Riederer,  in  Buchner’s  Nenes  liepert.  f.  Pharm.  Bd.  x.  vij. 

t Very  recently  a woman  died  from  the  effects  of  a corrosiv'e  suhlimati| 
lotion  applied  by  a quack  to  a wound  in  her  leg.  The  writer  found  no  ])oisoi| 
in  the  stomach,  but  separated  a milligramme  of  metallic  mercury  from  thu 
liver;  the  urine  and  intestines  were  not  sent. 

X Gaz.  tie  hdpital,  Juillet,  1804. 
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; mercmy,  for,  as  Dr.  Taylor  says,  “Nothing  is  more  common 
j ! than  to  discover  traces  of  mercury  in  the  stomach,  bowels,  liver, 

(kidneys,  or  other  organs  of  a dead  body.”* 

§ 195.  Tests  for  Mercury. — Mercury,  in  combination  and  in 
’ the  solid  form,  is  most  readily  detected  by  mixing  the  svibstance 
intimately  with  dry  anhydrous  sodic  carbonate,  transferring  the 
y mixture  to  a glass  tube,  sealed  at  one  end,  and  applying  heat. 

I If  mercury  be  present,  a ring  of  minute  globules  condenses  in 
ij  the  cool  part  of  the  tube.  If  the  quantity  of  mercury  is  likely 

i;  to  be  very  minute,  it  is  best  to  modify  the  process  by  using  a 
subliming  cell  (p.  284),  and  thus  obtain  the  sublimate  on  a circle 
• of  thin  glass  in  a convenient  form  for  microscopical  examination. 

! If  there  is  any  doubt  whether  the  globules  are  those  of  mercury 
■ or  not,  this  may  be  resolved  by  putting  a fragment  of  iodine  on 
• the  lower  disc  of  the  subliming  cell,  and  then  completing 
■ it  by  the  disc  which  contains  the  sublimate  (of  course,  the 

13  supposed  mercurial  surface  must  be  undermost);  on  placing  the 
cell  in  a warm,  light  place,  after  a time  the  scarlet  iodide  is  formed 
> and  the  identification  is  complete.  Similarly,  a glass  tube  con- 
taining an  ill-defined  metallic  ring  of  mercury  can  be  sealed  or 
corked  up  with  a crystal  of  iodine,  and  after  a few  hours  the 
k yellow  iodide,  changing  to  scarlet,  will  become  apparent.  There 
j'  are  few  (if  any)  tests  of  greater  delicacy  than  this. 

Mercury  in  solution  can  be  withdi’awn  by  acidulating  the 
I • liquid,  and  then  inserting  either  simply  a piece  of  gold  foil,  gold 
; wire,  or  bright  copper  foil;  or  else  by  a galvanic  arrangement,  such 
I as  iron  wire  wound  round  a gold  coin  or  gold  foil,  attached  to  a 
h rod  of  zinc ; or,  lastly,  by  the  aid  of  gold  or  copper  electrodes 
^ ! in  connection  with  a battery.  By  any  of  these  methods,  mer- 
cury  is  obtained  in  the  metallic  state,  and  the  metal  with  its 
pf?  film  can  be  placed  in  a subliming  cell,  and  globules  deposited  and 
In'  identified,  as  before  described. 

B ' The  Precipitating  Reagents  for  mercmy  are  numerous  : a sol- 
■<  ? ution  of  stannous  chloride,  heated  with  a solution  of  mercury, 
b ior  any  combination,  whether  soluble  or  insoluble,  reduces  it  to 
n ; the  metallic  state. 

. Mercurous  Salts  in  solution  yield  with  potash,  soda,  or  lime,  a 
.black  precipitate  of  mercurous  oxide.  Mercuric  Salts,  a bright 
w yellow  precipitate  of  mercuric  oxide. 

V j Mercurous  Salts  yield  black  precipitates,  with  sulphides  of 
f ! ammonium  and  hydrogen.  Mercuric  Salts  give  a similar  reaction, 
i but  with  sulphuretted  hydrogen  first  a whitish  precipitate,  passing 

V I slowly  through  red  to  black. 

Mercurous  Salts  and  solutions  of  the  chlorides  give  a white 
j * Taylor  : “Medical  Jurisprudence,”  I.,  p.  288. 

I 

I 
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precipitate  of  calomel  j the  Mercuric  Salts  yield  no  precipitatei 
under  similar  circumstances.  Mercurous  Salts  treated  with 
iodide  of  potash  give  a green  mercurous  iodide ; Mercuric^  a; 
scarlet.  I 

§ 19G.  The  Detection  of  Mercury  in  Organic  Substances  and  II 
Fluids. — The  galvanic  pi'ocess,  previously  described,  is  found  in-  U 
practice  the  best.  Fluids,  such  as  urine,  must  be  evaporated  to^  ■ 
dryness,  and  then  treated  with  hydrochloric  acid.  Such  organs  as> 
the  liver  are  cut  up  and  dissolved  in  hydrochloric  acid  (1 : 4),  and 
the  strained  fluid  tested  by  electrolysis.  Dr.  Taylor  relates*  howi 
by  this  process  distinct  evidence  of  mercury  in  the  liver  wasi 
obtained  on  a piece  of  copper  gauze,  in  a case  where  a child  had< 
been  given  two  grains  of  calomel  before  death.  “ Four  ounces^ 
of  the  liver  were  treated  with  hydrochloric  acid  and  water,  andi 
a small  piece  of  pure  copper  placed  in  the  acid  liquid  while* 
warm,  and  kept  there  for  about  forty-eight  hours.  It  acquired: 
a slight  silvery  lustre,  and  globules  of  mercury  were , obtained: 
from  it  by  sublimation.” 

In  those  cases  where  no  special  search  is  made  for  mercury, 
but  an  acid  (hydrochloric)  solution  is  treated  with  sulphuretted- 
hydrogen,  mercury  is  indicated  by  the  presence  of  a black 
precipitate,  which  does  not  dissolve  in  warm  nitric  acid. 

The  further  treatment  of  the  black  sulphide  may  be  under- 
taken in  two  ways  : — 

(1.)  It  is  collected  on  a porcelain  dish,  with  the  addition  of  a 
little  nitric  acid,  and  evaporated  to  dryness  in  order  to  destroy 
organic  matter.  Hydrochloric  and  a few  drops  of  nitiac  acid  are* 
next  added ; the  action  is  aided  by  a gentle  heat,  the  solution 
finally  evaporated  to  dryness  on  the  water-bath,  and  the  residue 
taken  up  by  warm  distilled  water.  The  solution  is  that  of  a 
]»ersalt  of  mercury,  and  the  mercury  can  be  separated  by 
electrolysis,  or  indicated  by  the  tests  already  detailed. 

(2.)  The  other  method,  and  the  most  satisfactory,  is  to  mix. 
tlie  sulphide  while  moist  with  dry  carbonate  of  soda,  make  it. 
into  a pellet  which  will  easily  enter  a reduction  or  sublimingi 
tube,  dry  it  carefully,  and  obtain  a sublimate  of  metallici 
mercury. 

Estimation  of  Mercury. — All  pharmaceutical  substances  con-i 
taining  mercury,  as  well  as  the  sulj)hide  prepared  in  the  weti 
way,  and  minerals,  are  best  dealt  with  by  obtaining  and  weigh- 
ing the  metal  in  the  solid  state.  The  assay  is  very  simple! 
and  easy  when  carried  out  on  the  method  that  was  first,  perhaps,! 
proposed  by  Domeyko.  A glass  tube  (which  should  not  be  tooi 
thin),  closed  at  one  end,  is  l>ent,  as  shown  in  Fig.  18;  the  diameter* 

* Op.  cit.,  p.  289. 
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should  be  about  tlu'ee  lines,  the  length  from  seven  to  eic^ht 
inches,  the  shorter  arm  not  exceeding  two  inches.  The  poAvdered 
substance  is  mixed  with  two  or  three  times  its  weight  of  litharge, 
and  introduced  into  the  tube  at  a.  The  portion  of  the  tube 
containing  the  mercury  is  at  first  heated  gently,  but  finally 
brought  to  a temperature  sufficient  to  fuse  the  substance  and 
soften  the  glass.  The  mercury  collects  in  an  annular  film  at  h in 
the  cooler  limb,  and  may  now,  with  a little  management  of  the 


Fig.  18. 


lamp,  be  concentrated  in  a well  defined  ring;  the  portion  of  the 
tube  containing  this  ring  is  cut  off,  weighed,  then  cleansed  from 
mercury,  and  reweighed.  Many  of  the  pharmaceutical  prepara- 
tions do  not  require  litharge,  which  is  specially  adapted  for  ores, 
and  heating  with  sodic  carbonate  (in  great  excess)  Avill  suffice. 
Mercury  mixed  with  organic  matter  must  be  first  separated  as 
described,  by  copper  or  gold,  the  silvered  foil  rolled  up,  dried, 
introduced  into  the  bent  tube,  and  simply  heated  Avithout 
admixture  Avith  any  substance;  the  Aveight  may  be  obtained 
either  by  Aveighing  the  foil  before  and  after  the  operation,  or  as 
above. 

§ 197.  Volumetric  Processes  for  the  Estimation  of  Mercury. — 
When  a great  number  of  mercurial  preparations  are  to  be 
examined,  a volumetric  process  is  extremely  convenient.  There 
are  se\'eral  of  these  processes,  some  adapted  more  particularly 
for  mercuric,  and  others  for  mercurous  compounds.  For 
mercuric,  the  method  of  Personne*  is  the  best.  The  conversion 
of  the  A'arious  forms  of  mercuiy  into  corrosive  sublimate  may  be 
effected  by  evaporation  Avith  aqua  regia,  care  being  taken  that 
the  bath  shall  not  be  at  a boiling  temperature,  or  there  Avill  be  a 


slight  loss. 

Personne  prefers  to  heat  with  caustic  soda  or  potash,  and  then 
])ass  chlorine  gas  into  the  mixture;  the  excess  of  chlorine  is 
expelled  by  boiling,  mercuric  chloride  in  presence  of  an  alkaline 
chloride  not  being  volatilised  at  100°C.  Ihe  standard  solutions 
required  for  this  process  are — 

(1.)  33-2  grms.  of  potassic  iodide  ini  litre  of  A^^ater,  1 cc.  = 
O'Ol  gnu.  Hg,  or  0’0135*5  grm.  HgCl^ 


* Comptes  Rendus,  Ivi.  68 ; Sutton’s  “ Vol.  Anal,”  177. 
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(2.)  A solution  of  mercuric  chloride  containing  13 ‘55  grms.  tor 
the  litre,  1 cc.  = 0d  grin.  Hg. 

The  process  is  founded  on  the  fact  that  if  a solution  of  mercui'io 
chloride  he  added  to  one  of  potassic  iodide,  in  tlie  projoortion  ofV 
one  of  the  former  to  four  of  the  latter,  mercuric  iodide  is  formed,^ 
and  immediately  dissolved,  until  the  balance  is  overstepped,; 
when  the  red  colour  is  developed ; the  final  reaction  is  very  sharp,/ 
and  with  solutions  properly  made  is  very  accurate.  Tiie  mercuric: 
solution  must  always  be  added  to  the  alkaline  iodide;  a reversall 
of  the  process  does  not  answer.  It  therefore  follows  that  the^ 
solution  to  be  tested  must  be  made  up  to  a definite  bidk,  anili: 
added  to  a known  quantity  of  the  iodide  of  potash  solution,  untih 
the  red  colour  appears.  [ 

Mercurovs  Salts  may  be  titrated  with  great  accuracy  by  a?] 
decinormal  solution  of  sodic  chloride.  This  is  added  to  the  cokU 
solution  in  very  slight  excess,  the  calomel  filtered  off,  the  filtrateJ 
neutralised  by  pure  carbonate  of  soda,  and  the  amount  of  chloridei 
of  soda  still  unused  found  by  titration  with  nitrate  of  silver,  thai 
end  reaction  being  indicated  by  chromate  of  potash.  Several [ 
other  volumetric  processes  are  fully  described  in  works  treatings, 
upon  this  branch  of  analysis.  i 


A 
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(III.)  XO  PRECIPITATE  BY  IlYDRIC  SULPHIDE  IX 
A SOLUTION  STRONGLY  ACIDIFIED  BY  THH 
MINERAL  ACIDS;  BUT  A WHITE  PRECIPITATH 
IN  NEUTRAL,  ALKALINE,  OR  ACETIC  ACIP 
SOLUTIONS. 


ZINC. 

§ 198.  >^mc  = 65-0;  specific  gravity,  G -8  to  7T;  fusing  point.*  » 
412°C.(773°F.),  is  a hard,  bluish-white,  brittle  metal,  with  a crystal-  ^ 
line  fracture.  Between  100°  and  150°C.  it  becomes  ductile,  and» 
may  be  easily  wrought;  but  at  a little  higher  temperature  iti  t 
again  becomes  brittle,  and  at  a bright  red  heat  it  fuses,  and  them 
volatilises,  the  fumes  taking  fire  when  exposed  to  the  air.  In| 
analysis  zinc  occurs  cither  as  a metallic  deposit  on  a platinumi 
foil  or  dish,  or  as  a brittle  bead,  obtained  by  reducing  a zinci 
compound  with  soda  on  charcoal.  ] 
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The  salts  of  zinc  to  he  briefly  described  here  are  the  carbonate, 

1'  1 the  oxide,  and  the  sulphide — all  of  which  are  likely  to  occur  in 
i the  separation  and  estimation  of  zinc,  and  the  sulphate  and 
pj  chloride — salts  more  especially  found  in  commerce,  and  causing 
accidents  from  time  to  time. 

§ 199.  Carbonate  of  Zinc,  in  the  native  form  of  calamine, 
contains,  as  is  well  known,  64-8  per  cent,  of  oxide  of  zinc  ; but 
a I the  carbonate  obtained  in  the  course  of  an  analysis  by  precipitat- 
j]  ing  the  neutral  hot  solution  of  a soluble  salt  of  zinc  by  carbonate 
i of  potash  or  soda,  is  carbonate  of  zinc  a vai'iable  quantity  of 
hydrated  oxide  of  zinc.  Unless  the  precipitation  takes  place  at 
a boiling  temperature,  the  carbonic  anhydride  retains  a portion 
of  the  oxide  of  zinc  in  solution.  By  ignition  of  the  carbonate, 
oxide  of  zinc  results. 

§ 200.  Oxide  of  Zinc  (ZnO  = 81 ; specific  gi-avity,  5-612;  Zu  80-24, 
O 19-76)  is  a white  powder  when  cool,  yellow  when  hot.  If  mixed 
with  sufficient  powdered  sulphur,  and  ignited  in  a stream  of 
il  hydrogen,  the  sulphide  is  produced  ; if  ignited  in  the  pure  state 
I'l  in  a rapid  stream  of  hydrogen  gas,  metallic  zinc  is  obtained ; but 
; -if  it  is  only  a feeble  current,  the  oxide  of  zinc  becomes  crystalline, 
a portion  only  being  reduced. 

§ 201.  Sulphide  of  Zinc  (ZnS  = 97 ; specific  gravity,  4-1;  Zu  67-01, 
S 32-99). — The  sulphide  obtained  by  treating  a neutral  solution 
of  a soluble  salt  of  zinc  by  hydric  sulphide,  is  hydrated  sulphide, 
insoluble  in  water,  caustic  alkalies,  and  alkaline  sulphides,  but 
dissolving  completely  in  nitric  or  in  hydrochloric  acid.  When 
jdry,  it  is  a wliite  powder,  and  if  ignited  contains  some  oxide  of 
:.  The  anhydrous  sulphide  is  pi’oduced  by  mixing  the  pre- 
cipitated sulphide  with  sulphur,  and  igniting  in  a crucible  in  a 
stream  of  hydrogen  gas. 

Sulphate  of  Zinc  (ZnS047H20  101  -f  126;  specific  gravity,  crys- 
tals, 1-931).  This  salt  is  officinal  in  all  the  pharmacopeias,  is  used 
n calico-printing,  a.nd  is  commonly  known  as  lohite  vitriol.  Bj’" 
/arying  the  temperature  at  which  the  crystals  are  allowed  to 
)e  formed,  it  may  be  obtained  with  6,  5,  2,  or  1,  atoms  of  water. 
Che  commercial  sulphate  is  in  crystals  exactly  similar  to  those 
'f  Epsom  salts;  it  is  slightly  efflorescent,  and  gives  the  reactions 
f zinc  and  sulphuric  acid. 

§ 202.  Chloride  of  Zinc  is  obtained  by  dissolving  zinc  in  hydro- 
hloric  acid,  or  bv  direct  union  of  zinc  and  chloride.  Chloride 
f zinc  is  the  only  constituent  in  the  well-known  Bui  nett  s 
isinfectant  fluid.”  A.  solution  of  chloride  of  zinc  may  be  heated 
ntil  it  becomes  water-free;  when  this  takes  place  it  still  remains 
uid,  and  makes  a convenient  bath,  for  warmth  may  be  ajiplied 
) it  above  370°C.  without  its  emitting  fumes  to  inconvenience; 
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at  a red  lieat  it  distils.  A concentrated  solution  of  zincoH 
amnionic  chloride  (2H^NClZuCl.,)  is  used  for  the  purpose  of- 
removing  the  film  of  oxide  from  various  metals  preparatory  toi 
soldering. 

§ 203.  Zinc  hi  the  Arts. — The  use  of  zinc  as  a metal  in  sheeting; 
cisterns,  articles  for  domestic  use,  alloys,  &c.,  is  well  known.i 
Sulphide  of  zinc  has  lately  been  employed  as  a substitute  for* 
white  lead,  and  may  possibly  supersede  it.  Zinc  wliite  is  further 
employed  as  a pigment,  and  mixed  with  albumen  is  an  agent  in. 
calico-pi'inting ; it  is  also  used  in  the  decoloration  of  glass,  in  the. 
polishing  of  optical  glasses,  and  in  the  manufacture  of  artificial 
meerschaum  pipes. ^ II 

Chromate  of  Zinc  (ZnCrO^)  is  used  in  calico-printing,  and  there#  II 
is  also  in  commerce  a basic  chromate  known  as  zinc-yellow.  Zina  || 
Green,  or  Ilinman’s  Green,  is  a beautiful  innocuous  colour,  formed  11 
by  igniting  a mixture  of  dry  zincic  and  cobaltous  carbonates.  || 

The  use  of  zinc  vessels  in  the  preparation  of  foods  may^jl 
occasionally  bring  the  metal  under  the  notice  of  the  analystjjl 
AVhen  exposed  to  a moist  atmosphere,  zinc  becomes  covered  |l 
with  a tliin  film  of  oxide,  perfectly  insoluble  in  ordinary  water  |ll{ 
but  if  the  water  should  be  charged  with  common  salt,  a cont 
siderable  (juantity  may  be  dissolved.  It  may  generally  be  laid 
down  as  a rule  that  the  solvent  jiower  of  Avater  on  zinc  has  a 
direct  relation  to  the  chlorides  present,  whilst  carbonate  of  limci 
greatly  diminishes  this  solubility.f 

Milk  may  become  contaminated  by  zinc;  for  it  is  a matteu 
of  common  kirowledge,  that  milk  contained  in  zinc  vessels  doeE* 
not  readily  turn  sour.  This  may  be  explained  by  the  zinc  oxidd 
combining  with  the  lactic  acid,  and  forming  the  sparingly  solubltl 
lactate  of  zinc  (C3H503)Zn -i- SHgO,  thus  withdrawing  the  lactia 
acid  as  fast  as  it  is  formed,  ]>reventing  the  coagulation  of  tlni 
caseine.  With  regard  to  this  important  practical  subject,  MM  I 
Payen  and  Chevallier  made  several  experiments  on  the  action  J 
of  brandy,  wine,  vinegar,  olive  oil,  soup,  milk,  &c.,  and  proveci 
that  zinc  is  acted  on  by  all  these,  and  especially  by  the  alcoholicj 
acetic,  and  saline  licpiids.  M.  Schemfele  has  repeated  these  experi* 
ments,  and  determined  the  amount  of  zinc  dissolved  in  fifteen  t 
days  by  different  liquids  from  a galvanised  iron  as  Avell  as  s 
zinc  vessel.  I 


* Artificial  meerschaum  pipes  arc  composed  of  ziuc  white,  magnesia  ustai 
and  caseine  ammonium. 

t Ziurek,  indeed,  found  in  a litre  of  water  contained  in  a zinc  cistern  ni 
less  than  r0104  grm.  of  zinc  (10'7  grains  to  the  gallon),  and  the  same  watc 
showed  only  0'074  grm.  of  common  salt  to  the  litre  (5'18  grains  to  the  gallon)^ 
Vierte/jahrsschr.  fiir  Gericht.  Medlcln,  18C7,  Bd.  6,  j).  35(5.  ' 
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The  amount  found  was  as  follows  : — 

The  liquid  from 
the  zine  vessel, 
grms.  per  litre. 


Brandy, 0'95 

Wine, 3-95 

Orange-flower  water, . . . O'oO 

Vinegar, 31-75 

Fatty  soup,  ....  0'40 

"Weak  soup,  ....  0-86 

Milk, 5-13 

Salt  water,  . . . . 1-75 

Seltzer  water,  ....  0 35 

Distilled  water, ....  traces. 

Ordinary  water, ....  traces. 

Olive  oil,  .....  none. 


The  liquid  from- 
the  galvanised  iron 
vessel, 

grms.  per  litre. 
0-70 
4-10 

0- 75 
60-75 

1- 00 
1-76 
7-00 
0-40 
0-80 

traces. 

traces. 

none. 


§ 204.  Zinc  as  a Poison* — Only  the  sulphate  and  the  chloride  of 
zinc  are  likely  to  act  as  poisons.  Large  quantities  of  the  oxide  can 
he  taken  without  a fatal  result ; for  Busse  saved  a hoy  who  had 
taken  324G  grains  as  a remedy  for  epilepsy.t 

The  workmen  also  in  zinc  manufactories  coA’er  themselves 
with  oxide  of  zinc  from  head  to  foot  without  any  very  apparent 
injury ; hut  that  this  dust  is  not  in  all  instances  innocuous,  is 
certain — a pharmacy  student  filled  a lahoratory  with  oxide 
of  zinc  vapour,  and  suffered  from  well-marked  and  even  serious 
poisonous  symptoms,  consisting  of  pain  in  the  head,  vomiting, 
salivation,  and  a short  fever.§ 

Sulphate  of  zinc  is  strongly  emetic,  and  acts  as  a pure  irritant; 
the  fatal  dose  may  he  considered  as  about  an  ounce,  although 
recovery  has  taken  place  from  that  quantity. 

Chloride  of  Zinc  is  a powerfully  corrosive  and  irritant  poison, 
which  may  kill  hy  its  primary  or  its  secondary  effects ; the  latter 

* Plants  grow  and  thrive  on  earth  holding  zinc  conqiounds,  and  absorb 
a small  qiiantity  of  zinc  oxide  without  injury  ; the  greatest  portion  being 
found  in  the  leaves  and  stems,  the  smallest  in  the  seeds.  Solutions  of  salts 
of  zinc,  however,  act  injuriously  on  plant  life  ; a solution  of  zinc  siilphate, 
even  in  the  strength  of  1 : 50,  soon  influencing  the  growth  of  plants  ; but  if 
the  salt  be  filtered  through  earth,  the  result  is  decomposition,  and  the  zinc 
is  combined  in  a form  insoluble  in  water.  In  the  neighbourhood  of  zinc 
manufactories  it  is  not  uncommon  for  vegetation  to  be  injured  by  sulphate 
of  zinc,  and  fowls,  &c.,  may  be  poisoned  by  feeding  on  ground  thus  con- 
taminated. 

Caspar’s  Wochenschr.,  1837,  No.  19.  . , „ ri-o  r*  i • 

f Dr.  Marcet  states  that  one  of  his  patients  took  I lb.  [4o3  6 grms.]  in 
i month  for  epilepsy  without  aiiparent  injury.  Taylor  s ‘ Jurisprudence,’  i. 

117. 

4 Bust’s  il/ar/aziw,  xxi.,  Bd.  S.,  563.  r r n 

§ The  so-called  zinc  fever  has  only  been  noticed  in  the  founding  of  brass  ; 
t is  always  preceded  by  well-marked  shivering,  the  other  symptoms  being 
■imilar  to  those  described. 
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are  generally  marked  by  nervous  symptoms.  Veiy  serious 
illness  lias  followed  tlie  ingestion  of  Burnett’s  fluid  in  quantity 
equal  to  12  gi’ains  of  the  chloride.  Death  has  taken  place  from 
about  100  grains  of  the  chloride,  and  recovery  after  200  grains.  A 
few  years  ago,  a quack  applied  a solution  of  chloride  of  zinc  to  the! 
cancerous  breast  of  a woman  in  Barnstaple  ; death  followed  with 
symptoms  of  poisoning,  and  zinc  was  found  in  the  liver  and  othen 
organs.  This  instance  proves  that  the  external  application  of- 
the  chloride  may  induce  zinc  poisoning.  In  cases  of  external 
absorption,  the  muscles  and  bones  would  appear  to  be  the  best 
tissues  to  examine  chemically;  for  Matzkewitsch  investigated’ 
very  carefully  a dog  poisoned  by  100  parts  of  zinc,  subcutaneously 
injected  in  the  form  of  acetate,  and  found  it  distributed  over  the« 
several  organs  of  the  body  in  the  following  ratios: — Muscles  GO ’5, ! 
bones  35'49,  stomach  and  intestines  4-63,  skin  3‘70,  place  of 
injection  2-19,  liver  1-75,  lungs  and  heart  l’G8,  kidneys,  bladder.! 
and  urine  1*14. 

§ 205.  Detection  of  Zinc  in  Organic  Liquids  or  Solids. — Tho 
only  certain  method  of  detection  is  to  produce  the  sulphide  ot 
zinc,  best  effected  by  saturating  a neutral  or  feebly  acid  liquidi 
with  hydric  sulphide.  If  an  organic  liquid  Avhich  can  be  easily 
filtered,  is  operated  upon,  it  may  be  strongly  acidulated  with 
acetic  acid,  and  at  once  treated  with  hydric  sulphide.  If,  how* 
ever,  zinc  is  sought  for  as  a part  of  a systematic  examination  (aa 
will  most  likely  be  the  case),  the  substance  will  have  been  treatec! 
with  hydrochloric  acid,  and  already  tested  for  arsenic,  antimony 
lead,  &c.,  and  filtered  from  any  precipitate.  In  such  a case  tha 
hydrochloric  acid  must  first  be  replaced  by  acetic,  which  is  efiecteii 
by  adding  a slight  excess  of  sodic  acetate ; the  right  quantity  of  thq 
latter  is  easily  known,  if  the  hydrochloric  acid  oi’iginally  added  wai 
carefully  measured,  and  its  specific  gravity  ascertained ; 3-72  o 
crystallised  sodic  acetate  saturating  one  of  HCl(lSiaC2H3023H2t 
+ HCl  = NaCl  + TICoHgOg  + 3H2O).  Lastly,  should  the  distillation 
process  given  at  ji.  399  have  been  adopted,  the  contents  of  tlni 
retort  will  only  require  to  be  treated  with  water,  filtered,  anci 
saturated  with  sulphurated  hydrogen.  In  any  of  the  above  casesi 
should  a white,  dirty-white,  or  lightish-coloured  precipitate  (which 
is  not  sulphur)  be  thrown  down,  zinc  may  be  suspected ; it  willi 
however,  be  absolutely  necessary  to  identify  the  sulphide,  fon 
there  are  many  sources  of  error.  The  most  satisfactory  of  ali 
identifications  is  the  production  of  Ilinman’s  green.  The  supposes 
sulphide  is  dissolved  off  the  filter  with  hot  nitric  acid,  a drop  o: 
more  (according  to  the  quantity  of  the  original  precipitate)  o 
solution  of  cobalt  nitrate  added,  the  solution  precipitated  with 
carbonate  of  soda  and  boiled,  to  expel  all  carbonic  anhydride;  the 
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precipitate  is  then  collected  on  a filter,  washed,  dried,  and  ignited 
in  a platinum  dish.  If  zinc  be  present  in  so  small  a proportion 
as  1 : 100,000  parts,  the  mass  will  be  permanently  green. 

Other  methods  of  procedure  are  as  follows  : — 

The  supposed  zinc  sulphide  (after  being  well  washed)  is  col- 
lected in  a porcelain  dish,  and  dissolved  in  a few  drops  of  sul- 
phuric acid,  filtered,  nitric  acid  added,  evaporated  to  dryness,  and 
heated  to  destroy  all  organic  mattci’.  When  cool,  the  mass  is 
treated  with  water  acidulated  by  sulphuric  acid,  and  again  filtered. 
The  solution  may  contain  iron  as  well  as  zinc;  and  if  the  former 
(on  testing  a drop  with  ferrocyanide  of  potash)  ai:)pears  in  any 
quantity,  it  must  l)e  separated  by  the  addition  of  ammonia  in 
excess.  To  the  ammoniacal  filtrate  carbonate  of  soda  is  added  in 
excess,  the  liquid  well  boiled,  and  the  precipitate  collected  on  a 
filter  and  washed.  The  carbonate  of  zinc  thus  obtained  is  con- 
verted into  the  oxide  by  ignition,  and  weighed.  If  oxide  of  zinc, 
it  will  be  yellow  when  hot,  white  when  cold ; it  will  dissolve  in 
acetic  acid,  and  give  a white  preciptitate  with  sulphuretted  hydro- 
gen ; and  finally,  if  heated  on  charcoal  in  the  oxidising  fiarae,  and 
moistened  with  cobalt  nitrate  solution,  a green  colour  will  result. 

Zinc  may  also  be  sej)arated  from  liquids  by  electrolysis ; the 
simplest  way  is  to  pdace  the  fluid  under  examination  in  a plati- 
num dish  of  sufiicient  size,  acidify,  and  insert  a piece  of  mag- 
nesium tape — the  metallic  film  so  obtained  may  be  dissolved  in 
hydrochloric  acid,  and  the  iisual  tests  applied. 
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§ 20G.  The  soluble  salts  of  barium  are  undoubtedly  poisonous, 
and  are  of  frequent  occurrence  in  the  arts.  The  chloride  of  barium 
is  used  in  the  staining  of  wool ; the  nitrate  and  the  chlorate,  in  the 
green  fires  of  the  pyrotechnist ; the  oxide  and  the  carbonate  in 
the  inanufircture  of  glass  ; the  chromate  of  baryta  is  used  by  artists 
under  the  name  of  ‘‘yellow  ultramarine,  while  the  sulphate 
(technically  known  as  “ pei’manent  white  ) is,  on  account  of  its 
weight  and  cheapness,  occasionally  used  as  an  adulteiant  of  w hite 
powders  and  other  substances.'^ 

• The  carbonate  and  sulphate  of  baryta  are  usually  enumerated  as  occa- 
sional adulterants  of  bread.  There  is  however,  no  modern  authentic  instance 
of  this ; and  the  occurrence  is  doubtful,  though  not  impossible. 
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§ 207.  Chloride  of  Barium,  BaCUH^O 
208  + 3G  ; anliyclrous,  Ba  G5'SG  per  cent., 

Cl  34’14;  specific  graAaty,  3-75 — is  in  com- 
merce in  tlie  form  of  white,  four-sided,  tabular 
crystals;  water  dissolves  about  half  its  Aveight  i 
at  ordinary  temperatures,  three-fourths  at  |, 
100°C.  Its  solution  gives  a Avhite  precipi-.  ^ 
tate  AAuth  sulphuric  acid,  quite  insoluble  in  | 
Avater  and  nitric  acid. 

The  salt  imparts  a green  hue  to  an  other- 
Avise  colourless  flame ; A’ieAved  by  the  spectro- 
scope, green  bands  Avill  be  visible.  We  may 
note  that  chloride  of  barium  giAUiS  two  differ-  - 
ent  spectra,  the  one  at  the  moment  of  the- 
introduction  of  the  salt,  the  other  Avhen  the- 
substance  has  been  cx]>osed  for  some  time  to 
a high  temperature.  This  is  caused  by  ai  : 
rapid  loss  of  chlorine,  so  that  the  first  spectrum 
is  due  to  BaCh„  Avitli  a A^ariable  mixture  ofi 
BaCl,  the  second  to  BaCl  alone.  The  accom- 
panying diagram  represents  the  phenomenoni 
most  usually  seen,  a4z.,  the  flame  after  ex- 
])0sure  for  some  seconds.^' 

§ 208.  Baric  Carbonate,  BaC03=197  ; 
specific  graA-ity,  4'3 ; BaO  77’G9  per  cent.,, 
C0.2  22-31 — in  its  native  form  termed' 

Witherite,  is  a dense  heavy  poAvder,  insolublej 
in  pure  Avater,  but  dissolA’ing  in  acetic,  nitric, 
and  hydrochloric  acids,  the  solution  givingi  f 
the  reactions  of  barium. 

A rat-poison  may  be  met  Avith  composed  ofi 
baric  carbonate,  sugar,  and  oatmeal,  llaAmured 
Avith  a little  oil  of  aniseed  aiid  caraway. 

§ 209.  Sulphate  of  Barium,  BaSO^  ; specific!  | 
gravity,  4-59 ; BaO  Go-GG  per  cent.,  SO3  34-34i  j 
per  cent.,  is  a pure  Avhite  poAvder  Avhen  re-  I 
c’ently  ])reci})itated,  absohitely  insoluble  im  ' 
Avater,  and  practically  insoluble  in  cold  dilutel 
acids.  It  is  quite  Tinalterable  in  the  air  at  a 
red  heat ; on  ignition  Avith  charcoal  it  may  bc(  | 
converted  almost  entirely  into  siilphide  of|  ■ 
barium ; and  by  ignition  Avith  CaCh  intoj 
chloride. 

* From  Spectres  Lu milieux,  Lecocj  tie  pjoisbaiulran.i 
Paris,  1874. 
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§ 210.  Bose,  etc. — Chloride  of  barium  is  occasionally  proscribed 
in  doses  not  exceeding  2 grains  (-129G  grin.);  to  horses  as 
much  as  GO  grains  liave  been  given ; and  a case  is  on  record  of  a 
person  liaving  been  killed  by  100  grains.  Tlie  carbonate  of 
baryta  has  poisoned  a person  who  took  only  GO  grains  (3-888 
grms.),  and  about  12  grains  (-777G  grm.)  are  sufficient  to  kill  a 
dog.  Hence  it  may  be  inferred,  that  from  G to  7 grains  (-38G  to 
•45 3G  grm.)  of  either  the  carbonate  or  the  chloride  would  pi’o- 
bably  produce  poisonous,  although  not  necessarily  fatal,  symp- 
toms. 

§ 211.  The  Separation  of  Barium  Salts  from  Organic  Solids  or 
Fluids,  and  their  Identification. — In  the  usual  course  of  examina- 
tion of  an  unknown  substance,  the  matter  will  already  have  been 
extracted  by  hydrochloric  acid,  and  the  solution  successively 
treated  with  hydric  and  ammonic  sulphides.  The  filtrate  from 
any  precipitate,  after  being  boiled,  Avould  in  such  a case  give  a 
precipitate  if  treated  with  sulphuric  acid,  should  a salt  of  barium 
be  ])resent. 

If  there,  however,  should  be  special  grounds  to  search  for 
baryta  in  particidar,  it  is  best  to  extract  the  substances  with 
pure  boiling  water,  to  concentrate  the  solution,  and  then  add 
sulphuric  acid,  collecting  any  precipitate  which  may  form.  If 
the  latter  is  found  to  be  sulphate  of  baryta,  it  must  bo  derived 
from  some  soluble  salt,  such  as  the  nitrate  or  the  chloride. 
The  substances  which  have  been  exhausted  with  water  are 
now  treated  with  hydrochloric  acid,  and  to  the  acid  filtrate 
sulphuric  acid  is  added.  If  sulphate  of  baiyta  is  thrown  down, 
the  baryta  present  must  have  been  a salt  insoluble  in  water, 
soluble  in  acids — probably  the  carbonate.  Lastly,  the  organic 
substances  may  be  burnt  to  an  ash,  the  ash  fused  with  carbonate 
of  soda,  the  mass,  when  cool,  dissolved  in  HCl,  and  the  solution 
precipitated  with  sulphuric  acid.  Any  baryta  now  obtained  was 
present,  probably,  in  the  form  of  sulphate;  nevertheless,  if 
obtained  from  the  tissues,  it  would  prove  that  a soluble  salt  had 
been  administered,  for  (so  far  as  is  known)  sulphate  of  barium  is 
not  taken  up  by  the  animal  fluids,  and  is  innocuous. 

The  sulphate  of  barium  is  identified  as  follows: 

(1.)  A part  of  the  well-washed  precipitate  is  boiled  with  dis- 
tilled water,  filtered,  and  to  the  filtrate  a solution  of  chloride  of 
barium  added.  If  there  is  no  precijiitate,  the  sulphate  can  be 
none  other  than  baric  sulphate,  for  all  the  rest,  without  excep- 
tion, are  soluble  enough  to  give  a slight  cloud  with  baric 

chloride.  . i i i 

(2.)  The  sulphate  may  be  changed  into  sulphide  by  ignition  on 

charcoal,  the  sulphide  treated  with  HCl,  the  solution  evaporated 
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to  dryness,  and  the  resulting  chloride  examined  spectroscopically. 
Or,  the  sulphate  may  be  mixed  with  chloride  of  calcium,  taken 
up  on  a loop  of  platinum  wii-e,  heated  strongly  in  the  flame  of  : 
a Bunsen  burner,  and  the  flame  examined  by  the  spectroscope. 

(3.)  A solution  of  the  chloride  of  barium  obtained  from  (2) 
gh^'es  a yellow  precipitate  with  neutral  chromate  of  potash, 
insoluble  in  watei’,  but  soluble  in  nitric  acid. 


ADDENDUM  TO  ARTICLE  ‘‘  MILK  ” (p.  37). 

It  is  stated  in  the  chapter  on  Milk  (p.  38),  that,  according  to 
some  of  the  Continental  chemists,  the  albumen  in  milk  varies 
from  3T4  to  3‘43  per  cent.;  but  it  would  appear  that  this  esti- 
mate is  much  too  high,  for  several  analyses  of  genuine  milk  madej 
in  the  writer’s  laboratory,  whilst  these  sheets  were  going  through 
the  press,  give  the  percentage  from  -07  to  '7  per  cent.,  and  that' 
of  urea  from  '001  to  -002  per  cent.  It  may,  however,  be  con- 
ceded that  the  albumen  at  the  commencement  of  lactation  may 
much  exceed  the  above  values. 

Special  reseai'ches  have  also  been  made  by  the  writer  lately, 
as  to  whether  niti'ates  or  nitrites  are  to  be  found  in  milk,  but 
none  have  been  discovered.  The  separation  of  nitrates,  then, 
from  any  milk  may  occasionally  be  a valuable  confirmatory 
evidence  of  adulteration,  showing  that  not  only  has  water  been 
added,  but  a water,  probably,  of  considerable  impurity. 
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Albuminoids  in  milk,  37. 

,,  in  wine,  187. 

Alcohol,  123. 

;,  as  an  adulterant  of  chloro- 
form, 254. 

, , Estimation  of — In  milk,  53. 

,,  — Table  showing  value  of 

specific  gravity,  125. 

,,  — Tests  for,  126. 

Alcoholic  liquids,  129. 

,,  ,,  — Distillation  of, 

129. 

Aldehyde,  254. 

Ali  Ahmed’s  treasures  of  the  desert, 
414. 

Alkaloids — Action  of  sulphuric  acid 
on,  283. 

— General  tests  for,  264. 

— Identification  of,  282. 

— Sublimation  of,  283. 
Allen’s  process  for  estimation  of 
tannin  in  tea,  99. 

Almonds,  231. 

,,  — Fixed  oil  of,  231. 

,,  — Volatile  oil  of,  233. 

Aloetin,  270. 

Aloin,  143. 

Alum  — Detection  of— In  flour,  28, 
29. 

,,  — Estimation  of— In  bread  or 
flour,  33. 

American  cheese,  78. 
Ammonia-magnesian  arscniate,  395. 
Amygdaline,  248. 

Amylic  alcohol  — Detection  of,  134. 
Analysis  of  poisons— General  method 
of  })rocedure,  242. 

Angelic  acid,  205. 

Angelica  root,  205. 

,,  oil,  206. 

Angelicine,  206. 

Aniline,  265,  276. 

Annatto,  235. 

— Adulterations  of,  236. 

„ • — Analysis  of,  237. 
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Aiuiatto — Chemical  composition  of, 
236. 

Anthrax — Milk  in,  56. 

Antimonial  compounds  used  in  pyro- 
techny,  405. 

Antimony,  242,  400. 

,,  — Alloys  of,  405. 

,,  — Chloride  solution  of, 

403. 

,,  — Ethiops  of,  405. 

,,  — Flowers  of,  405. 

,,  — Glass  of,  405. 

, , — Medicines,  chiefly 

veterinary,  404. 

,,  — Ointment  of,  403.' 

,,  ■ — Oxide  of,  402. 

,,  — Pentasulphide  of,  401. 

,,  — Pharmaceutical  pre- 

parations of,  402. 

,,  — Quantitative  estima- 

tion of,  408. 

,,  — Separation  of — From 

organic  matters,  406. 

,,  — Sulphide  of,  401. 

,,  — Sulphurated,  403. 

,,  — Tartarated,  402. 

,,  — Yellow,  40(3. 

,,  — Wine  of,  403. 

Aphthous  fever — Milk  in,  57. 
Apopseudaconine,  338. 
.4pop3eudaconitine,  338. 

Aqua  orientalis,  433. 

Argentan  tincture,  433. 

Arrowi’oot,  18. 

„ — Curcuma,  18. 

,,  — Maranta,  18,  19. 

,,  — Natal,  18. 

,,  — Potato,  19. 

Arseniate  of  iron,  376. 

„ of  soda,  376. 

Arsenic,  370,  375. 

,,  and  antimony  stains — Dis- 
tinction between,  385. 

,,  — Chloride  of,  374. 

,,  — Detection  of,  381. 

,,  „ — B.y  methods 

of  distillation,  399. 

,,  — Distribution  in  the  body, 

387. 

.,  — Donovan’s  solution  of, 

376. 

,,  — Dose  of,  381. 

,,  — Elimination  from  the 

body,  ,390. 

,,  — Estimation  of,  390. 


Arseiiic — Haloid  compounds  of, 

374. 

„ in  graveyard  earth,  388. 

,,  in  the  arts,  375. 

,,  — Iodide  of,  374. 

,,  — Law  relative  to  sale  of, 

380. 

, , — Pharmaceutical  prepara- 

tions of,  375. 

, , ■ — Separation  of  — From 

organic  matter,  386. 

,,  — Solution  of,  375,  376. 

,,  — Sublimation  of,  381. 

,,  — Sulphides  of,  374. 

Arsenical  compounds  used  in  pj^'ro- 
techny,  379. 

„ fumes  — Action  of  — On 

plants,  400. 

,,  soaps,  379. 

,,  veterinary  medicines,  376. 

,,  violet  powder,  380. 

Ai’senicalis — Liquor,  375. 

Arsenious  acid,  370. 

,,  —Conversion  of — Into 

chloride,  396. 

,,  — Solubility  of,  371. 

Ai’scniuretted  hydrogen,  371. 
Arseuo-molybdate  of  ammonia,  396. 
Arsine,  371. 

,,  in  the  arts,  372. 

Artiflcial  peppercorns,  228. 

Arum  starch,  21. 

Ash — Alkaliuity  of,  4. 

,,  — Beer,  147,  167. 

,,  —Bunge’s  modification  of  pro- 
cess for  analysing,  6. 

,,  ■ — Butter,  70. 

,,  — Cocoa,  118. 

„ — Complete  analysis  of,  5. 

„ — Flour,  32. 

„ — Hop  cones,  142. 

„ — Insoluble,  44. 

„ —Milk,  42,  47,  53. 

„ of  organic  substances,  3. 

„ — Pepper,  224. 

,,  — Pace,  22. 

.,  —Soluble,  5. 

—Tea,  103. 

,,  — Total  percentage  of,  4. 

„ — Wheat,  24. 

„ — AVine,  199. 

Atkinson’s  infant  preserver,  295. 
Atropa  belladonna,  318. 

Ati’opic  acid,  319. 

Atrojnne,  265,  277,  318. 
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Atropine — Fatal  dose  of,  321. 

I ,,  — Sepiiration  from  organic 

substances,  321. 

I ,,  — Separation  from  the 

urine,  321. 

,,  — Sublimate  of,  287. 

,,  — Value  of  Mayer’s  preci- 

pitate, 289,  320. 

Barium,  453,  454. 

,,  — Chloride  of,  454. 

,,  — Bose  of,  455. 

„ — Separation  from  organic 

matters,  455. 

,,  —Sulphate  of,  454. 

Barley,  20. 

,,  — (imposition  of,  138. 

I Baryta,  242. 
i Battle’s  vermin-killer,  317. 

I Bavarian  beers,  137. 

Bean  starch,  20. 
i Beech  leaf,  89. 

Beer,  135. 

Ij  ,,  — Analysis  of,  147. 

, ,,  — Ash  of,  1(57. 

,,  vinegar,  210. 

Beetroot— Colouring  matter  of— In 
m wine,  192,  194,  195,  198. 

|e  Belladonna,  242,  318. 

it!  Bell’s  (Carter)  method  of  examining 

I hour  for  alum,  28. 

T ; Berber! n,  205,  271. 

Berzelius’  test  for  arsenic,  382. 

» I Bibirine,  354. 

I i Bismuth,  427. 

,,  — Carbonate  of,  428. 

, ,,  — Citrate  of,  428. 

, ,,  — Estimation  of,  431. 

, ,,  — Extraction  and  detec- 

tion of,  429. 

, ,,  in  the  arts,  429. 

, . ,,  lozenges,  428. 

. ,,  — Poisonous  dose  of,  429. 

, ,,  — Subnitrate,  427. 

, I ,,  — Sulphide,  427. 

, ,,  — 'Peroxide  of,  427. 

,,  — Valerianate  of,  428. 

t Bitartrate  of  ])otash  in  wine — Esti- 
^ mation  of,  18(5. 

. ; Bitters  in  beer — iSiature  of,  140,  159. 
f i Bixin,  236. 

I ; Black  drop,  294. 

) I Blood-poisoning  by  prussic  acid,  249. 

I Blue  milks,  54. 
i Blue  pill,  436. 


Boerhave’s  odontalgic  essence,  295. 
Boheic  acid,  87. 

Borax — Detection  of,  50. 

Bouillon’s  method  of  determining 
fuchsine  in  wine,  191. 

Brandy,  201. 

Brighton  green,  424. 

Brown’s  lozenges,  441. 

Brucine,  265,  274,  277,  281,  313. 

,,  — Fatal  dose  of,  314. 

,,  — Precipitates  of,  313. 

,,  — Solution  of,  313. 

,,  — Sublimate  of,  287. 

,,  — 'Pests  for,  314. 

,,  — Value  of  Mayei’’s  preci- 

pitate, 289. 

Brunswick  green,  424. 

Bunge’s  method  of  determining 
alkalies  in  the  ash,  6. 

Burnett’s  huid,  452. 

Butler’s  vermin-powder,  317. 

Butter — Analysis  of,  69. 

,,  — Constituents  of,  67. 

But^n-ic  acid,  68,  179. 

Butyrin,  68. 

Cadmium,  409. 

,,  — Fatal  dose  of,  410. 

„ in  the  arts,  409. 

,,  — Iodide  of,  409. 

,,  — Medical  preparations 

of,  409. 

,,  — Separation  and  detec- 

tion of,  410. 

,,  — Sulphate  of,  409. 

, , — Sulphide  of,  409. 

Caffeine,  85. 

,,  — Estimation  of,  96. 

Caffeo-tannic  acid,  107. 

Calabar  bean,  242,  331. 

Calamus  oil,  205. 

Calomel,  436,  438. 

Calumba  starch,  19. 

I Camellia  sasanqua,  90. 

! Camphor,  242,  268. 

I ,,  — Tincture  of,  292. 

Canna  arrowroot,  18. 

I Cantharides,  242,  3(54. 

,,  —Fatal  dose  of,  365. 

,,  — Pharmaceutical  ] re- 

parations of,  3(54. 
Cantharidine,  2(59. 

,,  — Sublimate  of,  288. 

,,  —Tests  for,  365. 

Caper  tea,  83. 
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Caproic  acid,  68. 

Caproin,  68. 

Caprylic  acid,  68. 

(>apsaicin,  229. 

Capsicin,  268,  274. 

Capsicol,  230. 

Oarbonic  acid  in  beer,  149. 
Cardamoms — Oil  of,  205. 

Cascarillin,  270. 

Caseine,  70. 

,,  in  milk,  37. 

Cayenne  pepper,  228. 

,,  „ — Adulterations  of, 

231. 

Celandine — Alkaloid  from,  279. 
Cheddar  cheese,  78. 

Cheese — Adulterations  of,  82. 

,,  ■ — Analysis  of,  81. 

„ — Constituents  of,  78, 

,,  — llipening  of,  81. 

Chestnut,  20. 

Chevallier’s  process  for  detecting 
bean  in  potato  flour,  27. 

Chicory — Analysis  of,  110. 

„ —Ash  of.  111. 

,,  — Detection  of,  110. 

,,  — Influence  on  the  chemical 

composition  of  coffee.  111. 
Ching’s  worm  lozenges,  441. 

Chloral,  242,  254. 

Chloranthus  inconspicuiis,  91. 
Chlorides  in  milk,  48. 

Chlorine — Percentage  of  in  ash,  4. 
Chlorodyne,  295. 

Chocolate,  115. 

,,  — Adulterations  of,  121. 

Chrome  red,  415. 

„ yellow,  415. 

Chi’ysammic  acid,  270. 

Cider,  210. 

Cinchonine,  265,  271,  277,  279,  281. 
,,  — Value  of  Mayer’s  pre- 

cipitate, 289. 

Cinnabar.  440. 

Cnicin,  144,  270. 

Cobra  poison,  368. 

Cobric  acid,  369. 

Cocculus  indicus,  334. 

Cochineal  in  wine,  192,  193,  195, 
197,  198. 

Cocoa,  114. 

,,  — Adulterations  of,  120. 

„ — Butter  of,  116. 

„ — Essence  of,  115. 

nibs,  115. 


Cocoa  seeds — Microscopical  struc-  \ 
ture  of,  114. 

Cocoatine,  115. 

Codeine,  265,  278,  283,  300. 

Coffee,  107. 

,,  — Adulterations  of,  109. 

,,  — Analysis  of,  109. 

,,  — Chemical  composition  of, 

107. 

,,  — Density  of  infusion,  112. 

,,  fat,  108. 

Colchiceine,  350. 

Colchicine,  265,  270,  350. 

„ in  milk,  54. 

„ —Separation  of — From; 

organic  matters,  352. 

„ — Value  of  Mayer’s  pre- 

cipitate, 353. 

Colchicum,  349. 

,,  — Fatal  dose  of,  352. 

,,  — Pharmaceutical  pre- 

parations of,  351. 

„ — Quack  medicines,  352.| 

,,  — Tincture  of,  351. 

,,  — Vinegar  of,  352. 

Colocynthin,  269. 

Colouring-matters  of  wine,  188. 
Comenic  acid,  303. 

Commaille’s  method  of  estimating! 

theine,  96. 

Congou  tea,  83. 

Conhydrine,  327. 

Conia,  274,  275. 

,,  — Value  of  Mayer’s  precipi-' 

tate,  289. 

Conii  cataplasm  a,  327. 

Coniine,  265,  325. 

,,  — Fatal  dose  of,  328. 

,,  — Pharmaceutical  prepara- ; 

tions  of,  327. 

,,  —Separation  of — From- 
organic  matters,  377. 

,,  — Succus,  327. 

„ — Tests  for,  325. 

,,  — Vapour,  327. 

Consumption— Propagation  of— By . 
milk,  54. 

Convallamarin,  271. 

Convulsives,  242. 

Copper,  242,  419. 

,,  — As  a normal  constituent  of 

animal  and  vegetable  sub- 
stances, 420. 

,,  — Detection  and  estimation! 

of,  425. 
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j I Copper  in  articles  of  food  and  drink, 
i 421. 

I „ in  the  arts,  424. 

„ — Oxide  of,  419. 

M ,,  — Solubility  of— In  water 

' and  various  solvents,  420. 

,,  — Special  examination  for, 

42o. 

„ — Sulphate  of,  423. 

5)  ,,  in  bread,  32. 

„ — Sulphide  of,  419. 

„ — Volumetric  processes  for 

i estimatincT,  426. 

I I Coriander— Oil  of,  206. 

' Corrosive  sublimate,  437. 
t i Crab  sugar,  310. 

Cream — Removal  of — From  cans  by 
milk-dealer,  62. 

1 1 Cubebin,  269. 

Jj  Cuprum  aluminatum,  424. 
m Curarine,  242,  280. 
rr  Curcuma  arrowroot,  18. 

I I Cyanide  of  potash,  250,  251. 

, ,,  ,,  — Estimation  of, 

253. 

, : ,,  of  Silver,  250. 

ij|  Cytisin,  355. 

1 Dalby’s  carminative,  294. 

■ ! Daphnin,  144,  270. 
i Dari,  20. 

r ■ Davidson’s  cancer  remedy,  377. 

' Davy’s  (Dr.  E.) — Test  for  alcohol, 

127. 

,,  ,,  — Test  for  arsenic, 

, 383,  393. 

I Deliriants,  242. 

Delphinine,  265,  277,  278. 

,,  — Sublimate  of,  287, 288. 

j Depaire’s  process  for  separating  pic- 
i rotoxin  from  beer,  165. 

Digitaleine,  347. 

Digitaline,  270,  271,  346. 

,,  — Fatal  dose  of,  348. 

,,  — Pharmaceutical  prepa- 

rations of,  348. 

, , — Physiological  tests  for, 

349. 

Digitalis,  242,  346. 

,,  — Acetum,  .348. 

,,  — Detection  of — aud  sepa- 

ration from  organic 
matters,  348. 

Digitonine,  347. 

Digitoxine,  347. 
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Dixon’s  pills,  404. 

Donovan’s  solution  for  arsenic,  376. 
Dover’s  powder,  293. 

Dragendorff’s  analyses  of  coffee,  109. 
,,  process  for  the  sepa- 

ration of  alkaloids, 
267. 

, , shorter  process  for  the 

separation  of  alka- 
loids, 281. 

, , i^rocess  for  identifying- 

bitters  in  beer,  160. 

,,  pi’ocess  for  separating 

picrotoxin  from  beer, 
165. 

,,  process  for  the  detec- 

tion of  cantharides, 
366. 

Duclaux’s  method  of  estimating  the 
volatile  acids  in  wine,  &c.,  177. 
Dunlop  cheese,  79. 

Dupre'’s  method  of  detecting  foreign 
colouring-  matters 
in  wiue,  189. 

,,  ,,  of  estimating  ethers 

in  wine,  187. 

,,  ,,  of  testing  flour  for 

alum,  29. 

Dutch  pink,  415. 

Eau  d’Afrique,  434. 

Ecboline,  343. 

Eczmma  ejiizootica — Milk  in,  56. 
Elaterin,  289. 

Elder  colouring-matters  in -wine,  19.3, 
194,  195,  196, 198. 

Emetin,  265,  271,  279,  281. 

Ender’s  process  for  separating  bitters 
from  beer,  1 64. 

Epps’  cocoa,  115. 

Ergot — Detection  of — In  flour,  .344. 

, , — Pharmaceutical  preparation  s 

of,  344. 

Ergotiniue,  .342. 

Ericolin,  270. 

Erucic  acid,  218. 

Eserin,  332. 

Ethers  in  wine,  186,  193. 

Ethiops  mineral,  439. 

Ethyl  strychnine,  277. 

Extract  of  flour,  31. 

“ Facing  ” of  tea,  94. 

Fat  of  butter,  67,  70. 

,,  of  flour,  31. 
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Fat  of  milk,  4G. 

,,  of  mustard  — Estimation  of,  220. 
Fats — Melting-point  of  various,  72. 
Fatty  acids  — Decomposition  of 
butter  into,  73. 

, , metamorphosis  of  the  albumi- 
noids in  milk,  52. 

Folding’s  solution,  7. 

Flake  cocoa,  115. 

Fleury’s  method  of  valuing  opium, 
291. 

Flour,  24. 

,,  — Analysis  of,  27. 

,,  — Detection  of  ergot  in,  344. 

,,  — Proximate  analysis  of,  30. 

Fly-poisons,  377. 

Fly-water,  377. 

Foot  and  mouth  disease— Milk  in, 
56. 

“ Fore”  milk,  44. 

Formic  acid,  180. 

„ — Production  of  — From 

methjdic  alcohol,  134. 
Fousel  oil,  134. 

,,  — Action  of — On  man,  204. 

,,  in  whisky,  203. 

,,  — Poisonous  effects  of,  203. 

French  chocolate,  115. 

Frohde’s  reagent,  297. 

Fuchsine,  190,  193,  194,  195,  196. 
198. 

Fungi,  242. 

Oalangal,  19. 

Gamboge  in  mustard,  221. 

Gatehouse  on  detection  of  salt  in 
beer,  168. 

Gautier’s  method  of  detecting  foreign 
colouring  matters  in  wme,  191. 
Geissler’s  vaporimeter,  130. 
Gentianin,  145. 

Gentiogenin,  140. 

Gentiopicrin,  145. 

Gin,  205. 

,,  — Analysis  of,  207. 

Ginger,  19. 
i Jliadin,  27. 

Gloucester  cheese,  79. 

Glucose  vinegar,  210. 

Gluten,  26,  .32. 

,,  caseine,  26, 

, , fibrin,  26. 

Glycerine  as  an  adulterant  of  milk, 
49. 

,,  in  beer,  ICO. 


Glycerine  in  wine,  176. 

Godfrey’s  cordial,  294. 

Goulard’s  balsam,  414. 

Granulated  cocoa,  1 15. 

Granulose,  15. 

Gratiolin,  270. 

Green  tea,  83. 

Green  vei’dites,  424. 

Grinrod’s  remedy  for  spasms,  294. 
Groniug’s  boiling-point  of  spiritsr 
124,  126. 

Gruyere  cheese,  81. 

Gum  in  tea,  105. 

Gunpowder  tea,  83. 

Hager’s  method  for  the  valuation) 
of  opium,  291. 

Hahnemann’s  soluble  mercury,  439 . 
Hair-dyes,  433. 

Ha-wthoru,  90. 

Hehnec’s  method  of  detecting  mine- 
ral acids  in  vinegar,  212. 

Heisch’s  analyses  of  commercial! 

cocoas,  119. 

Hellebore,  268. 

Helleborme,  273. 

Hemlock,  242,  325. 

Henbane,  322. 

,,  ■ — Alkaloidal  constituents! 

of,  323. 

,,  — Dose  of,  324. 

„ —Oil  of,  324. 

,,  — Ointment  of,  324. 

,,  — Separation  of  — From: 

organic  matters,  324. 

„ — Tincture  of,  324. 

Herapath’s  process  for  separating^ 
picrotoxin  from  beer,  165. 

Hilger’s  method  of  detecting  mineral: 
acids  in  vinegar,  212. 

Hind’s  sv/cating-ball,  404. 

Hollyhock  as  a colouring-matter  iin 
wine,  192,  195,  PK),  1!)8. 
Homeopathic  cocoa,  115. 

Hop  resin,  160. 

Hops,  140. 

Hydric  cyanide,  246. 

,,  sulphocyanide,  253. 
Hydrocarotin,  206. 

Hyoscyaminc,  265,  277,  S22. 

,,  — Sublimate  of,  287. 

Hyoscyamns,  242,  322. 

Hyson  tea,  83. 

Igasurin,  315. 
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Indian  hemp,  242. 

, , tea,  StI . 

Indigo  in  wine,  192,  199. 

Insect  powder — Persian,  ,354. 
Iodoform — Production  of — As  a test 
for  alcohol,  127. 

Ipecacuanha  and  morphia  lozenges, 
293. 

, , — Compound  powder  of, 

293. 

Iron,  242. 

,,  tilings  in  tea,  94. 

Irritant  poisons,  242. 

Isatropic  acid,  319. 
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Jam.vica  arrowroot,  18. 
.Tellet’s  i)olariscope,  14. 
Jervin,  2G5,  272. 

.Johnson’s  (Dr.  ,J.)  pills,  403. 
Juniper — t>il  of,  200. 
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Keysek’s  xnlls,  441. 

Kiefer’s  method  of  valuing  opium, 

291. 

King’s  yellow,  374,  378. 

Kino— Compound  powder  of,  292. 
Knapp’s  mercurial  solution  for  the 
estimation  of  sugar,  9. 
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Labuenuji,  242,  355. 

Lacteal  albuminuria,  54. 

Lactic  acid,  53. 

Lambick  and  Faro  beers,  137- 
Lacto-i>rotein,  40. 

Lammatine’s  method  of  detecting 
colouring  matters  in  wine,  190. 
iLassaigne’s  method  for  estimating 
mixtures  of  chicory  and  coffee, 
112. 

Lead,  242,  411. 

,,  — Acetate  of,  412,  41.3. 

,,  — Alloys  of,  415. 

,,  as  a poison,  415. 

,,  — Carbonate  of,  412,  413. 

,,  — Chloride  of,  412. 

,,  — Detection  and  estimation  of, 

417. 

,,  — Iodide  of,  413. 

,,  — Localisation  of — In  the 

body,  417. 

,,  — Nitrate  of,  415. 

,,  — Oxide  of,  411. 

,,  — Pharmaceutical  prepara- 

tions of,  413. 

,,  ])igments,  414. 


Lead  plaster,  41.3. 

,,  sulphate,  412,  415. 
j ,,  suli)hide,  412. 

' Ledoyen’s  disinfecting  Huid,  414. 
j Legrif  and  Petit’s  method  of  sepa- 
I rating  theine,  97. 

! Leguminosae — Starches  of  the,  20, 
Lemaurier’s  odontalgic  essence,  294. 

I Lentils,  20. 

I Lepowitz's  sulphur  test  for  phos- 
I phorus,  261. 
j Lerner’s  lupulite,  141. 

! Letheby’s  galvanic  test  for  strych- 
nine, 311. 

Lcvesie’s  analyses  of  coffee,  108. 
Lewis’s  sih'er  ci’eain,  414. 

Liebert’s  cosmetique  infaillible,  414. 

' Liquor  Bellostii,  444. 

I Liver  of  antimony,  404. 

Lobelia  inflata,  242. 

Lobelin,  275. 

I Logwood  in  wine,  192,  193,  195, 
i97. 

Lolium  temulentuin,  242. 
Loweuthal’s  process  of  estimating 
tannin,  99. 

Lupulin,  141. 

Maize,  20. 

Malic  acid  in  wines,  180. 

I Malt— Composition  of,  1.38. 

I ,,  — Extract  of,  137,  150. 

’ , — Table  of  specific  gravity,  1 51 . 
„ vinegar,  209. 

Maltose,  140. 

Maranta  arrowroot,  IS. 

Marking  inks,  434. 

Marsh’s"  test  for  arsenic,  383. 

Mayei'’s  rcageut,  289. 

Mcconic  acid,  290,  303. 

„ — Poisonous  action  of, 

304. 

Meconin,  290,  303. 

Melting-point  of  fats— How  to  deter- 
mine, 71. 

j Menispermine,  3.34.^ 

I Menyanthiu,  140,  270.  • 

I Menyanthol,  146. 
j Mercurj',  242,  4.35. 

I ,,  — Acetate  of,  437. 

J,  — Acid  solution  of  nitrate, 

441. 

, , and  ammoniac  plaster,  4.30. 

i ,,  and  chalk,  430. 

’,  and  quinine  chloride,  440. 


464 


INDEX. 


Mercury  — Crystallised  nitrate  of, 
440. 

,,  — Cyanide  of,  440 

,,  — Dangerous  dose  of,  443. 

,,  — Elimination  of,  443. 

, , — Green  iodide  of,  439. 

,,  — Injury  to  vegetation 

443. 

,,  in  the  arts,  442. 

, , in  veterinary  medicine,  44 1 . 

,,  • — Liniment  of,  437. 

,,  — Medicinal  dose  of,  442. 

,,  — Plaster  of,  430. 

,,  — Preparations  of,  430. 

,,  — Ped  iodide  of,  439. 

,,  — Red  oxide  of,  439. 

, , — Separation  of  — From 

organic  matters,  440. 

,,  — Solution  of  percliloride, 

438. 

,,  — Subchloride  pill  of,  438. 

,,  — Sulphate,  439. 

,,  — Sulphide,  430,  439. 

, , — Suppositories  of,  437. 
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Mercurial  compound  ointment,  437- 
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Mercurous  chloride,  430. 
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of,  133. 

Methyl  oxalate,  133. 

Methyl  strychnine,  277. 

Methylic  alcohol — Detection  of — In 
■whisky,  132. 

Mild  ale,  130. 

Milk,  37. 

,,  — Adulterations  of,  49. 

,,  — Albumen  in,  38,  450. 

,,  — Calculation  of  analytical 

results,  50. 

, , — Composition  of,  4.3. 

, , — Constituents  of,  37. 

,,  — Decomposition  of,  52. 

,,  — Diseased,  04. 

, , fat,  .1  / . 

, , — Legal  cases  relative  to,  02. 

„ — Manufacture  of — From  con- 

densed, 03. 

,,  sugar,  41. 

,,  ,,  — Determination  of,  49. 

Miller’s  rat-powder,  317. 


Mineral  blue,  378. 
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Mitchell’s  pills,  404,  441. 

Mitscherlich’s  polariscope,  11. 

,,  process  for  the  detec- 

tion of  phosphorus,  • 
258. 

Mordant’s  Norton’s  drops,  441. 
Morphine,  205,  279,  280,  290,  297. 

,,  — Doses  of,  295.  || 

,,  lozenges,  293.  I 

, , solution,  293. 

.,  — Sublimate  of,  286. 

,,  — Suppositories  of,  293. 

, , — Tests  for,  298. 

, , — Value  of  Mayer’s  preci- 

pitate, 289. 

Mountain  green,  424. 

Mucedin,  26. 

Muir’s  (Pattison)  method  for  then 
estimation  of  Bismuth,  431. 

Mustard,  215. 

,,  — Adulterations  of,  219. 

,,  — Chemistry  of,  216. 

,,  — Fixed  oil  of,  218. 

„ — Micro- structure  of,  215. 1 1 

,,  — Volatile  oil  of,  218. 

Muter’s  classification  of  starches,  16. 
Myronate  of  potash,  217. 
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,,  — Sublimate  of,  287. 
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Nepenthe,  294. 
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,,  — Fatal  dose  of,  331. 

,,  — Separation  of — Fromi 

organic  matters,  331. 

, , — Value  of  Mayer’s  reagent,  i 

289. 
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Nitrobenzine  as  an  adulterant  ofi  | 
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, Nitrogen  in  tea,  98. 

Ji  Nottingham  white,  414. 
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il  >>  — Analysis  of,  316. 
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' 315. 
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315. 

i; 
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' , , — Ointment  of  galls  and,  293. 
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Phosphine,  256. 
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alkaloids,  264. 

Phos2>horic  acid  in  ash,  5. 

Phosphorus,  242,  256. 

,,  as  a poison,  257. 

,.  — Detection  of  258. 

,,  — Fatal  dose  of  258. 

„ — Medicinal  preijara- 

tions  of  257. 

Phos2)ho-tungstic  acid,  265. 

,,  — Preparation  of 

281. 
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Phthisis — Pro[)agation  of — By  Milk, 
54. 

Physostogmine,  269,  277,  331. 

, , — Fatal  dose  of  334. 

,,  — Pharmaceutical  pre- 

parations of  334. 
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,,  in  beer — Detection  of 
167. 
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Picrotoxin,  273. 

,,  — Sublimate  of,  288. 

Pilocarpine — Sublimate  of,  287. 
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Piperic  acid,  224. 

Piperidin,  224. 

Pi])erin,  223,  265,  268,  270. 
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Poppies — Syrup  of,  293. 
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Pseudaconitine,  338. 
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Pyrolignite  of  lead,  415. 

Pyromeconic  acid,  303. 

Quassiine,  146,  270. 

Quercetin,  87. 

Quercetrinic  acid,  87. 

Quinetum — Sublimate  of,  288. 
Quinidine — Sublimate  of,  288. 
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Redwood’s  ink,  434. 
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Roquefort  cheese,  80,  81. 

Rum,  202. 

Rusma,  .374. 

Rutic  acid,  68. 

Rye  .starch,  20. 

Sabadilline,  275,  279. 

Sabatrin,  278. 

Saccharimeter — Soleil’s,  12. 
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Sacchse’s  mercurial  solution  for  the* 
estimation  of  sugar,  9. 

Sago,  21. 

Saint  Ignatius  bean,  378. 

Salet’s  method  for  the  spectroscopia 
observation  of  phosphorus,  259. 
Salicin,  280. 

,,  — Sublimate  of,  288. 

Salicylic  acid,  167. 

Salt  in  beer,  167. 

Santonin,  269. 

Saponin,  269. 

,,  —Sublimate  of,  287. 
Sarracinin,  274,  279. 

Savin,  242. 

Scarlet  fever  propagated  by  milk,  54* 
Schabzieger  cheese,  81. 

Schacht’s  method  of  valuing  opium 
290. 

Scheele’s  green,  378. 

Scheerer’s  test,  261. 

Scheibler’s  process  for  alkaloids,  281 
,,  test  for  alkaloids,  265. 
Schmidt’s  process  for  separating  pia 
rotoxin  from  beer,  165. 
Schonbein’s  test  for  i^russic  acidi 
251. 

Schweinfurt  green,  424. 
Sclererythrin,  344. 
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Scleroiodin,  344. 

Scleromucin,  34.3. 

Sclerotic  acid,  343. 

Selby  flour  case,  29. 

Selmi’s  process  for  separating  alka. 

loids,  266. 

Senegin,  272,  283. 

Sheep-dipping  compounds,  378,  424! 
Silico-tungstic  acid  as  a reagent  fc3 
alkaloids,  265. 

Silver,  242,  432. 

„ —Chloride  of,  4.32. 

,,  — Detection  and  estimatioi 

of,  4.34. 

,,  in  the  arts,  4.33. 

,,  — Medicinal  dose  of,  4.34. 

,,  — Medicinal  preparations  o 

4.33. 

,,  — Nitrate  of,  4.3.3. 

,,  — Oxide  of,  43.3. 

Sinalbin,  217. 

I Sinapin,  216. 

I Skim  cheese,  80. 

.Skim  milk,  44, 

* Sloe,  91. 
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Smilacin,  27*2. 

Soap  pill — Compound,  29.3. 

Sokoloff’s  experiments  on  the  esti- 
mation of  prussic  acid,  252. 
Solanine,  265,  280. 

,,  — Sublimate  of,  287. 

Soldaini’s  copper  solution  for  estima- 
tion of  sugar.  8. 

Soleil’s  saccharimeter,  12. 

“Solids  not  fat,”  47. 

Solomon’s  anti-impetigines,  441. 
Soubeiran’s  ink,  434. 

Spanish  chocolate,  116. 

Sparteine,  275. 

Specific  gravity  of  butter  fat,  7*2. 
Starch,  15. 

„ — Method  of  conversion  into 

sugar,  8,  16. 

Starches — M icroscopical  identifica- 
tion of,  16. 

Stas’s  process  for  alkaloids,  266. 
Stearic  acid,  67. 

Stearin,  67. 

Stibine — Action  of  — On  sulphur, 
407. 

Stilton  cheese,  81. 

Storey’s  worm-cakes,  441 . 
Stramonium,  242. 

Strychnic  acid,  315. 

Strychnine,  242,  265,  274,  277,  287, 
305. 

,,  — Acetate  of,  307. 

— Chromate  of,  307. 

, , — Double  salts  of,  307. 

,,  — Fatal  dose  of,  308. 

, , — Identification  of,  311. 

, , — Iodide  of,  308. 

, , — Ph3'siological  tests 

for,  312. 

— Salts  of,  307. 

,,  — Solubility  of,  306. 

,,  — Sulphate  of,  307. 

,,  — Suljihocyanide  of, 

307. 

,,  — Trichloride  of,  308. 

Strohl’s  method  of  detecting  mineral 
acids  in  vinegar,  212. 

Sublimate — Definition  of,  286. 
Sublimation  of  theine,  85,  94. 

,,  of  the  alkaloids,  28,3. 

,,  of  the  alkaloids— Blyth’s 

process,  285. 

Subliming  cell,  284. 

Succinic  acid  in  wine,  176. 

Sugar — Estimation  of,  7. 


Sugar  in  coffee,  107. 

,,  of  lead,  412. 

Sulphocyanide  of  potash,  253. 
Sulphur — Estimation  of,  220. 
Superphosphate  of  manure — Arsenic 
in,  400. 

Sykes’  hj’drometer,  125. 

Syringin,  272. 

Tabarie’s  method,  1,30. 

Tacca  arrowroot,  22. 

Tannin — Amount  of  — In  genuine 
teas,  101. 

,,  — Estimation  of — In  tea,  98. 

,,  — Estimation  of— Allen’s  lead 

process,  99. 

,,  — Estimation  of  — Gelatine 

process,  99. 

,,  in  wine,  188. 

Tapioca,  21. 

3^artar-emetic,  402. 

Tartaric  acid  in  wine— Estimation 
of,  186. 

Tea — Analj'sis  of,  95. 

„ — Chemical  composition  of,  85. 

,,  — Detection  of  foreign  leaves  in, 
93. 

„ — Extract  of,  101. 

,,  leaf— Structure  of,  84. 

Teas — Table  of  Russian,  88. 

„ — Varieties  of,  83. 

Teinturier — Detection  of— In  wine, 
194. 

Tellurium  in  bismuth,  4*28. 

Theine,  85,  265,  269. 

,,  — Action  of,  35. 

,,  — Estimation  of,  96. 

,,  ,,  — Bj'  sublima- 

tion, 97. 

,,  —Solubility  of,  85. 

,,  — Sublimation  of,  97,  *284, 

288. 

,,  — Tests  for,  87. 

Theobromin,  117,  265,  271. 

, , — Separation  of — From 

the  urine,  118. 

,,  — Sublimate  of,  288. 

Thorley’s  food  for  cattle  in  milk,  49. 
Tobacco,  24*2,  3*28. 

Tons  les  mois,  IS. 

Trimethylamine,  275,  342. 

Tropic  acid,  319. 

Tropine,  319. 

Tuberculous  diseases  propagated  by 
milk,  54. 
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Turmeric,  19. 

,,  in  mustard,  219. 

Turner’s  yellow,  415. 

Turpeth  mineral,  439. 

Typhoid,  fever — Pro]>agation  of — By 
milk,  54. 

Urea  in  milk,  61. 

Valerianic  acid  in  cheese,  81. 

,,  ,,  in  wine,  181,  185. 

Vanilla  chocolate,  116. 

Van  Kobell’s  test  for  bismuth,  430. 
Veratrine,  265,  271,  278. 

,,  — Value  of  Mayei’’s  pre- 

cipitate, 289. 

Verdigris,  424. 

Verdites,  424. 

Vermilion,  440. 

Vermin  killers,  317,  377, 

Vinegar,  209. 

,,  — Adulterations  of,  210. 

,,  — Analysis  of,  210. 

, , — M etallic  adulterations  of, 

214. 

^'iolet  powder,  380. 

Wagner’s  method  of  separating 
alkaloids,  289. 

Wall  paper  — Analysis  of  — For 
arsenic,  389. 

Wanklyn  on  the  composition  of 
flour,  25. 

,,  on  the  composition  of 
flour  extract,  31. 

Wanklyn’s  ammonia  process  applied 
to  milk,  48. 

,,  ammonia  process  applied 

to  tea,  98. 

,,  method  of  taking  tea  ex- 

tract, 101. 

AVater  used  by  brewers,  137. 
Wheat— Comi)osition  of,  24. 

AVheat  starch,  20. 


Whisky,  202. 

,,  — Detection  of  methyl 

alcohol  in,  132. 

,,  — Legal  cases  relative  tc 

204. 

White  precipitate,  438. 
Whortleberries  — Colouring  mattoi 
of— In  wine,  193,  194,  195,  196»i 
199. 
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101. 

,,  on  composition  of  teas,  lOo.i! 

,,  on  nitrogenous  constituent’j 

of  the  cereals,  25. 

Wine  — Acids  in,  176. 

,,  — Alcohol  in,  174. 

,,  — Analysis  of,  171. 

,.  — Afeh  of,  199. 

,,  — Constituents  of,  171,  172 

173. 

,,  — Solid  residue  of,  174. 

,,  — Vinegar,  209. 

Wittstock’s  method  of  separatin:i 
colchicine  from  organic  mattery 
353. 

Wright’s  pearl  ointment,  441. 

Yew,  242. 

Zinc,  242,  448. 

,,  — Action  of — On  plants,  451.  ► 

,,  as  a poison,  451. 

,,  — Carbonate  of,  449. 

,,  — Chloride  of,  449,  451. 

,,  — Chromate  of,  450. 
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substances,  452. 

,,  fever,  451. 

,,  in  the  arts,  450. 
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From  the  Author’s  Prefatory  Address. 

“ Without  entering  upon  that  difficult  ground  which  correct  profession! 
knowledge,  and  educated  judgment,  can  alone  permit  to  be  safely  trodde* 
there  is  a wide  and  extensive  field  for  exertion,  and  for  usefulness,  open  t 
the  unprofessional,  in  the  kindly  offices  of  a trtie  DOMESTIC  MEDICINT 
the  timely  help  and  solace  of  a simple  HOUSEHOLD  SURGERY,  or  betti 
still,  in  the  watchful  care  more  generally  known  as  “ SANITARY  PRECAl 
TION,”  which  tends  rather  to  preserve  health  than  to  cure  disease.  “TK 
touch  of  a gentle  hand”  will  not  be  less  gentle  because  guided  by  know 
ledge,  nor  will  the  safe  domestic  remedies  be  less  anxiously  or  carefully  aci 
ministered.  Life  may  be  saved,  suffering  may  always  be  alleviated.  Evei 
to  the  resident  in  the  midst  of  civilization,  the  “KNOWLEDGE  I 
POWER  ” to  do  good ; to  the  settler  and  the  emigrant  it  is  INVALUABLE 
I know  well  what  is  said  by  a few,  about  injuring  the  medical  profession 
by  making  the  public  their  own  doctors.  Nothing  will  be  so  likely  to  mak 
“long  cases”  as  for  the  public  to  attempt  any  such  folly;  but  people  ( 
moderate  means — who,  so  far  as  medical  attendance  is  concerned,  are  worn 
off  than  the  pauper — will  not  call  in  and  fee  their  medical  adviser  for  eves 
slight  matter,  and,  in  the  absence  of  a little  knowledge,  will  have  recoursj 
to  the  prescribing  druggist,  or  to  the  patent  quackery  which  flourishes  upo: 
ignorance,  and  upon  the  mystery  with  which  some  would  invest  their  callinji 
And  not  patent  quackery  alone,  but  professional  quackery  also,  is  less  likeii 
to  find  footing  under  the  roof  of  the  intelligent  man,  who,  to  common  sena 
and  judgment,  adds  a little  knowledge  of  the  whys  and  wherefores  of  thi 
treatment  of  himself  and  family.  Against  that  knowledge  which  might  aij 
a sufferer  from  accident,  or  in  the  emergency  of  sudden  illness,  no  huniam 
man  could  offer  or  receive  an  objection.” 

Notices  of  the  Press. 

“The  BEST  and  SAFEST  book  on  Domestic  Medicine  and  Household  Surgery  vvhic 
has  yet  appeared.” — London  Journal  of  Medicine. 

“ Dr.  Thomson  has  fully  succeded  in  conveying  to  the  public  a vast  amount  of  useful  rc 
fessional  knowledge.” — Dublin  Journal  of  Medical  Science. 

“ The  best  production  of  the  kind  we  possess.” — Christian  Witness. 

“The  amount  of  useful  knowledge  conveyed  in  this  work  is  surprising.” — Medical  rniui 
and  Gazette. 

“ Worth  its  weight  in  gold  to  families  and  the  clergy.” — Oxford  Herald. 


LONDON:  CHARLES  GRIFFIN  & COMPANY. 


I 


I 


: Charles  Griffin  & Company’s 

; LIST  OF  PUBLICATIONS. 

1 

1 0 

! 

' Religious  Works. 
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I ■ ALTAR  OF  THE  HOUSEHOLD  (The)  ; a 

Series  of  Prayers  and  Selections  from  the  Scriptures,  for  Domestic 
Worship,  for  every  Morning  and  Evening  in  the  Year.  By  the 
Rev.  Dr.  Harris,  assisted  by  eminent  Contributors,  with  an  Intro- 
duction by  the  Rev.  W.  Lindsay  Alexander,  D.D.  New  Edition^ 

' entirely  revised.  Royal  4to,  with  Steel  Frontispiece.  Cloth,  gilt  edges, 

22/-  May  also  be  had  bound  in  the  following  styles : half-bound  calf, 
marbled  edges ; and  levant  morocco,  antique,  gilt  edges. 

1 %*  Also  illustrated  with  a series  of  first-class  Engravings  on  Steel,  descriptive 

of  the  most  important  Events  in  the  Old  and  New  Testaments,  at  6/- 
extra. 

i ANECDOTES  (CYCLOPEDIA  of  RELIGIOUS 

; and  MORAL).  With  an  Introductory  Essay  by  the  Rev.  George 

; Cheever,  D.D.  Crown  8vo.  Cloth,  3/6.  Sixteenth  Thousand. 

I ***  These  Anecdotes  relate  to  no  trifling  subjects ; and  they  have  been  selected,  not 

. only  for  amusement,  but  for  instruction.  By  those  engaged  in  the  tuition  of  the  young, 

they  will  be  found  highly  useful. 

,£lli  BIBLE  HISTORY  (A  Manual  of).  By  the  Rev. 

fl  J Wycliffe  Gedge.  Small  8vo.  Cloth  neat,  yd. 

“ This  small  but  very  comprehensive  Manual  is  much  more  than  a mere  summary 
of  Bible  History.” — Church  Sunday  School  Magazine. 

TIBUNYAN’S  PILGRIM’S  PROGRESS.  With 

1 Expository  Lectures  by  the  Rev.  Robert  Maguire,  Incumbent  of 

Ic^  St.  Olave’s,  Southwark.  With  Steel  Engravings.  Imperial  8vo.  Cloth 

gilt,  10/6.  Second  Edition. 

IjBUNYAN’S  PILGRIM’S  PROGRESS.  With 

' Life  and  Notes,  Experimental  and  Practical,  by  William  Mason. 

^ Printed  in  large  type,  and  Illustrated  with  full-page  Woodcuts.  Crown 

U 8vo.  Bevelled  boards,  gilt,  and  gilt  edges,  3/6.  Tenth  Thousand. 
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BUNYAN’S  SELECT  WORKS.  With  an  Ori- 
ginal Sketch  of  the  Author’s  Life  and  Times.  Numerous  Engravings. 
T nkj  vols.,  super-royal  8vo.  Cloth.  36/-  New  F.diftnn. 

CHRISTIAN  YEAR  (The)  : Thoughts  in  Verse 

for  the  Sundays  and  Holy  Days  throughout  the  Year.  With  an  ori- 
ginal Memoir  of  the  Rev.  John  Keble,  by  W.  Temple,  Portrait,  and 
sixteen  beautiful  Engravings  on  Steel,  after  eminent  Masters.  In  4to, 
handsome  cloth,  bevelled,  12/6;  unique  walnut  boards,  21/-;  morocco 
antique,  25/- ; morocco  extra,  30/- 


Morning  .. 

Sunset 

A Mountain  Stream 
A River  Scene  . . 

A Mountain  Lake 
A Greek  Temple. . 

A Village  Church 
The  Wayside  Cross 


ILLUSTRATIONS. 


after  H.  Howard,  R.A. 

G.  Barrett. 
C.  Bentley. 

C.  W.  Radclyffe. 
J.  M.  W.  Turner. 

D.  Roberts,  R.A. 
C.  W.  Radclyffe. 

Tony  Johannot. 


The  Old  Mansion,  .after  C. 
The  Cathedral  Choir  „ 
Sunset(after  Claude)  „ 
Moonlight..  ..  ,, 

Pastoral  Landscape  ,,  C. 
Halt  in  the  Desert  ,,  D. 
Guardian  Angels. . „ H 

The  Church  Gate  ,,  C. 


W.  Radclyffe. 
Levaint. 
G.  Barrett. 
Hofland. 
W.  Radclyffe. 
. Roberts,  R.A. 
. Howard,  R.A. 
W.  Radclyffe. 


“ An  Edition  de  luxe,  beautifully  got  up admirably  adapted  for  a gift-book." — 

John  B ull. 

CHRISTIAN  YEAR  (The).  With  Memoir  of  the 

Author  by  W.  Temple,  Portrait,  and  Eight  Engravings  on  Steel, 
after  eminent  Masters.  Small  8vo,  toned  paper.  Cloth  gilt,  5/-; 
morocco,  elegant,  10/6  ; unique  malachite  boards,  12/6.  New  Edition. 


♦.J,*  The  above  are  the  only  issues  of  the  “ Christian  Year,"  with  Memoir  and  Por- 
trait of  the  Author.  In  ordering,  Griffin’s  Editions  should  be  specified. 


CRUDEN’S  COMPLETE  CONCORDANCE  TO 

THE  OLD  AND  NEW  TESTAMENTS,  AND  THE  BOOKS 
CALLED  APOCRYPHAL.  Edited  and  corrected  by  William 
Youngman.  With  fine  Portrait  of  Cruder.  Imperial  8vo.  Cloth, 
handsome  gilt  top,  7/6.  New  Edition. 


DR.  DICK’S  POPULAR  WORKS. 


DICK  (Thos.,  LL.D.,  F.R.A.S  ):  CHRISTIAN 

PHILOSOPHER  (The)  ; or.  The  Connection  of  Science  and  Philo- 
sophy with  Religion.  Revised  and  enlarged.  Illustrated  with  150 
Engravings  on  Wood.  Crown  8vo,  toned  paper.  Handsomely  bound, 
with  gilt  edges,  5/-  Twenty -eighth  Edition. 

DICK  (Dr.):  SIDEREAL  HEAVENS  (The). 

and  other  Subjects  connected  with  Astronomy,  as  illustrative  of  the 
Character  of  the  Deity,  and  of  an  Infinity  of  other  Worlds.  Illustrated. 
Crown  8vo,  toned  paper.  Handsomely  bound,  with  gilt  edges,  5/- 
New  Edition. 
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STANDARD  BIBLICAL  V/ORKS, 

BY 

THE  REV.  JOHN  EADIE,  D.D.,  LL.D., 

Late  Professor  of  Biblical  Literature  and  Exegesis  to  the  United  Presbyterian  Ch-urck, 
and  Member  of  the  New  Testament  Revision  Company. 


This  Series  has  been  prepared,  on  an  accurate  and  scientific  basis,  to  afford  sound  and 
necessary  aid  to  the  Reader  of  Holy  Scripture.  The  Four  Volumes  comprised  in  it  form 
in  themselves  a Complete  Libkarv  of  Reference,  Biblical  and  Ecclesiastical. 
Number  of  copies  already  issued,  over  a quarter  of  a million. 


I.  EADIE  (Rev.  Prof.):  BIBLICAL  CYCLO- 

P/EDIA  (A);  or,  Dictionary  of  Eastern  Antiquities,  Geography,  Natural 
History,  Sacred  Annals  and  Biography,  Theology,  and  Biblical  Liter- 
ature, illustrati\e  of  the  Old  and  New  Testaments.  With  Maps  pre- 
pared expressly  by  Messrs.  W.  & A.  K.  Johnston,  many  Engravings, 
and  Lithographed  Fac-simile  of  the  recently- liscovered  Moabite  Stone, 
with  Translation  of  the  Inscription.  Large  post  8vo,  700  pages. 
Handsome  cloth,  7/6;  half-bound  calf,  10/6;  morocco  antique,  16/- 
Twentieth  Edition. 

“We  must  regard  this  Bible  Dictionary  of  Dr.  Eadie’s  as  decidedly  the  best 
adapted  for  popular  use,  and  have  always  found  it  a reliable  authority.  To  the  Clergy 
not  possessed  of  large  libraiies,  and  to  whom  the  price  of  books  is  important,  we  can 
cordially  recommend  the  present  volume.” — Clerical  Journal. 

II.  EADIE  (Rev.  Prof.) : CRUDEN’S  CONCORD- 
ANCE TO  THE  HOLY  SCRIPTURES.  With  a Portrait  on  Steel  of 
Alexander  Cruden,  M.A.,  and  Introduction  by  the  Rev.  Dr.  King. 
Post  8vo.  Cloth,  3,6;  half-bound  calf,  6,6;  full  calf,  gilt  edges,  8/6; 
full  morocco,  gilt  edges,  10/6.  Forty-fourth  Edition. 

Dr.  Eadie’s  has  long  and  deservedly  borne  the  reputation  of  being  theCOM- 
PLETEST  and  BEST  CONCORDANCE  extant. 

III.  EADIE  (Rev.  Prof.);  CLASSIFIED  BIBLE 

(I'he).  An  Analytical  Concordance  to  the  Holy  Scriptures.  Illustrated 
wit*'  Maps.  Post  8vo.  Cloth,  bevelled,  8/6;  morocco,  17/6.  Fijtn 
Edit ’on. 

*•  The  object  of  the  Classiffed  Bible  is  to  present  the  entire  Scriptures  under 
certain  distinct  and  exhaustive  Heads  or  topics  It  differs  from  an  ordinary  Concorc - 
ance  in  that  its  arrangement  depends  not  on  words,  but  on  subjects.  1 he  Keadi  r 
will  find,  under  Forty-two  different  Sections,  what  the  Bible  says  in  relation  to 
Doctrine,  Ethics,  Antiquities,  &c.  The  Verses  being  printed  in  full,  relerence  and 
comparison  are  greatly  facilitated. 

“We  have  only  to  add  our  unqualified  commendation  of  a work  of  real  excellence 
to  every  Biblical  student.” — Christian  1 imes. 

IV.  EADIE  (Rev.  Prof.):  ECCLESIASTICALCY- 

CLOPyEDIA  (The);  A Dictionary  of  Christian  Antiquities,  Sect?, 
Denominations,  and  Heresies;  History  of  Dogmas,  Rites,  Sacrament?, 
Ceremonies,  &c..  Liturgies,  Creeds,  Confessions,  Monastic  and  Religious 
Orders,  Modern  Judaism,  &c.  By  the  Rev.  Prof.  Eaoie,  assisted  by 
the  Rev.  Dr.  Hartwell  HoRNE,Ven.  Archdeacon  Hale,  Prof.  McCaul, 
and  other  contributors.  Post  8vo.  Cloth  bevelled,  8/6;  morocco 
antique,  17 '6.  Sixth  Edition. 

“ Our  readers  will  n 't  need  to  be  told  that  this  is  a ‘comprehensive’  work,  and  we 
may  add  that  it  is  one  which  will  be  found  useful  and  convenient  to  a large  number  at 
both  clergy  and  laity.” — English  Churchman, 
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Rev.  Prof.  Eadie’s  Works — {continued). 

V.  EADIE  (Rev.  Prof.)  : A DICTIONARY  OF 

THE  HOLY  BIBLE;  designed  chiefly  for  the  Use  of  Young  Persons. 
From  the  larger  work  by  Prof.  Eadie.  With  Map  and  numerous  Illus- 
trations. Small  8vo.  Cloth,  2/6  ; morocco,  gilt  edges,  7/6.  Seventeenth 
Edition. 

“ Parents  and  tutors  will  unanimously  thank  the  author  for  this  result  of  a labour 
of  love." — Critic. 

" A very  good  and  useful  compilation  for  youth.” — Literary  Gazette. 

VI.  EADIE  (Rev.  Prof.):  A COMMENTARY  ON 

THE  GREEK  TEXT  OF  THE  EPISTLE  OF  ST.  PAUL  TO 
THE  EPHESIANS.  Revised  throughout  and  enlarged.  Demy  8vo. 
Cloth,  14/  Second  Edition. 

“ This  book  is  one  of  prodigious  learning  and  research.  The  author  seems  to  have 
read  all,  in  every  language,  that  has  been  written  upon  the  Epistle.  It  is  also  a work 
of  independent  criticism,  and  casts  much  new  light  upon  many  passages." — Literary 
Gazette. 

%*  A Complete  Prospectus  of  Dr.  Eadie’s  Popular  Works  for- 
warded gratis  and  post-free  on  application. 


HENRY  (Matthew)  : A COMMENTARY  on  the 

HOLY  BIBLE.  With  Explanatory  Notes.  In  3 vols.,  super-royal 
8vo.  Strongly  bound  in  cloth,  50/-  New  Edition. 

HERBERT  (George)  : THE  POETICAL 

WORKS  OF.  With  Memoir  by  J.  Nichol,  B.A.,  Oxon,  Professor  of 
English  Literature  in  the  University  of  Glasgow.  Edited  by  Charles 
CowDEN  Clarke.  Antique  headings  to  each  page.  Small  8vo. 
Cloth  and  gold,  3/-;  morocco  antique,  8/- ; malachite,  10/6. 

KEBLE  and  HERBERT:  THE  CHRISTIAN 

YEAR,  by  John  Keble,  with  Memoir  of  the  Author  by  W.  Temple  ; 
and  THE  TEMPLE,  by  George  Herbert,  with  Memoir  by  Prof. 
Nichol.  In  one  vol.,  8vo,  illustrated,  cloth  and  gold,  7/6. 

KITTO  (John,  D.D., F.S.A.,) : TheHOLYLAND: 

The  Mountains,  Valleys  and  Rivers  of  the  Holy  Land;  being  the  Physical 
Geography  of  Palestine.  With  eight  full-page  Illustrations.  Fcap.  8vo. 
Cloth,  2/6.  Tenth  Thousand.  New  Edition. 

“ Contains  within  a small  compass  a body  of  most  interesting  and  valuable  infor- 
mation." 

KITTO  (John,  D.D.,  F.S.A.)  ; PICTORIAL 

SUNDAY  BOOK  (The).  Containing  nearly  two  thousand  Illustrations 
on  Steel  and  Wood,  and  a Series  of  Maps.  Folio.  Cloth  gilt,  30/* 
Seventy-third  Thousand. 


RELIGIOUS  PUBLICATIONS. 


7 


PALEY  (Archdeacon):  NATURAL  THEOLOGY; 

Or,  the  Evidences  of  the  Existence  and  the  Attributes  of  the  Deity. 
With  Illustrative  Notes  and  Dissertations,  by  Henry,  Lord  Brougham, 
and  Sir  Charles  Bell.  Many  Engravings.  One  vol.,  i6mo.  Cloth,  4/- 

“When  Lord  Brougham’s  eloquence  in  the  Senate  shall  have  passed  away,  and  his 
services  as  a statesman  shall  exist  only  in  the  free  institutions  which  they  have  helped 
to  secure,  his  discourse  on  Natural  Theology  will  continue  to  inculcate  imperishable 
truths,  and  fit  the  mind  for  the  higher  revelations  which  these  truths  are  destined  to 
foreshadow  and  confirm. — Edinburgh  Review, 

PALEY(Archdeacon):  NATURAL  THEOLOGY, 

with  Lord  Brougham’s  Notes  and  DIALOGUES  ON  INSTINCT. 
Many  Illustrations.  Three  vols.,  i6mo.  Cloth,  7/6. 

This  Edition  contains  the  whole  of  the  Original  Work,  published 
at  Two  Guineas,  with  the  exception  of  the  Mathematical  Dissertations. 

RAGG  (Rev.  Thomas)  : CREATION’S  TESTI- 
MONY TO  ITS  GOD:  the  Accordance  of  Science,  Philosophy,  and 
Revelation.  A Manual  of  the  Evidences  of  Natural  and  Revealed  Re- 
ligion ; with  especial  reference  to  the  Progress  of  Science  and  Advance 
of  Knowledge.  Revised  and  enlarged,  with  new  Appendices  on  Evolu- 
tion and  the  Conservation  of  Energy.  Large  crown  8vo.  Handsome 
cloth,  bevelled  boards,  5/-  Thirteenth  Edition. 

“We  are  not  a little  pleased  again  to  meet  with  the  author  of  this  volume  in  the 
new  edition  of  his  far-famed  work.  Mr.  Ragg  is  one  of  the  few  original  writers  of  our 
time  to  whom  justice  is  being  done." — British  Standard. 

[This  work  has  been  pronounced  “The  book  of  the  age,”  “The  best  popular  Text 
Book  of  the  Sciences,"  and  “ The  only  complete  Manual  of  Religious  Evidence  Na- 
tural and  Revealed.’’] 

RELIGIONS  OF  THE  WORLD  (The)  : Being 

Confessions  of  Faith  contributed  by  eminent  Members  of  every  Denom- 
ination of  Christians,  also  of  Mahometanism,  the  Parsee  Religion,  the 
Hindoo  Religion,  Mormonism,  &c.,  &c.,  with  a Harmony  of  the  Christian 
Confessions  of  Faith  by  a Member  of  the  Evangelical  Alliance.  Crown 
8vo.  Cloth  bevelled,  3/6.  New  Edition. 

**♦  In  this  volume,  each  denomination,  through  some  leading  member,  has  expressed 
its  own  opinions.  There  is  no  book  in  the  language  on  the  same  plan.  All  other 
works  on  the  subject,  being  written  by  one  individual,  are  necessarily  one-sided, 
incomplete,  and  unauthentic. 

SCOTT  (Rev.  Thomas)  : A COMMENTARY  ON 

THE  BIBLE;  containing  the  Old  and  New  Testaments  according  to 
the  Authorised  Version,  with  Practical  Observations,  copious  Marginal 
References,  Indices,  &c.  In  3 vols.,  royal  4to.  Cloth,  63/-  New  Edition, 

TIMES  (John,  F.S.A.,  Author  of  “Things  not 

Generally  Known,”  &c.) : 

THOUGHTS  FOR  TIMES  & SEASONS.  Selected  and  compiled 
by  John  Times.  Fcap.  8vo.  Cloth  neat,  i/-  Second  Edition. 

“ In  a neat  and  concise  form  are  brought  together  striking  and  beautiful  passages 
from  the  works  of  the  most  eminent  divines  and  moralists,  and  political  and  scientific 
writers  of  acknowledged  ability.” — Edinburgh  Daily  Review, 
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Scientific  Works. 


WORKS  by  WILLIAM  AITKEN,  M.D.,  Edin.,  F.R.S. 

Professor  of  Pathology  in  the  Army  Medical  Schodl,  Examiner  in  Medicine  for  H.M.’s 
Army,  Navy,  and  E.I.  Medical  Services,  Corresponding  Member  of  the  KoyaJ  Imperial 
Society  of  Physicians  of  Vienna,  of  the  Society  of  Medicine  and  Natural  History  of 
Dresden,  and  of  the  Imperial  Society  of  Medicine  of  Constantinople. 


The  SCIENCE  and  PRACTICE  of  MEDICINE. 

In  2 vols.,  demy  8vo,  cloth,  with  a Steel  Plate,  Map,  and  nearly 
200  Woodcuts.  Price  38/-  Sixth  Editioti,  thoroughly  revised  and 
enlarged. 

From  the  amount  of  additional  matter  introduced,  the  two  Volumes  of  the 
Sixth  Edition  are,  in  reality,  equivalent  to  three  ; a special  fount  of  type 
having  been  cast  to  enable  the  printer  to  preserve  clearness  without 
adding  to  the  bulk  of  the  work. 

The  Author  has  adopted  throughout  the  New  Nomenclature  and  fol- 
lowed the  Order  of  Classification  of  Diseases  published  by  the 
Royal  College  of  Physicians  in  1869.  The  Diagrams,  illustrative 
of  the  typical  ranges  of  body-temperature  in  Febrile  Diseases  (which 
were  given  in  the  third  edition  of  this  work,  in  1863,  for  the  first  time 
in  a Text-book),  have  been,  with  few  exceptions,  re-drawn  and  cut  upon 
a new  model. 

Additional  Woodcuts  have  also  been  introduced,  wherever  it  was  thought 
that  they  would  render  the  descriptions  in  the  text  more  intelligible. 

In  short,  no  labour  or  expense  has  been  spared  to  sustain  the  well-known 
reputation  of  this  Work,  as  “the  Representative  Book  of  the  Medical 
Science  and  Practice  of  the  day.” 


Opinions  of  the  Press. 

“The  work  is  an  admirable  one,  and  adapted  to  the  requirements  of  the  Student, 
Professor,  and  Practitioner  of  Medicine Malignant  Cholera  is  very  fully  dis- 

cussed, and  the  reader  will  find  a large  amount  of  information  not  to  be  met  with  in  other 

books,  epitomised  for  him  in  this The  part  on  Medical  Geography  forms  an 

admirable  feature  of  the  volumes. We  know  of  no  work  that  contains  so  much, 

or  such  full  and  varied,  information  on  all  subjects  connected  with  the  Science  and 
Practice  of  Medicine.” — Lancet. 

“The  extraorainary  merit  of  Dr.  Aitken’swork The  author  has  unquestionably 

performed  a service  to  the  profession  of  the  most  valuable  kind.  The  article  on 
Cholera  undoubtedly  offers  the  most  clear  and  satisfactory  summary  of  our  knowledge 
respecting  that  disease  which  has  yet  appeared.” — Practitioner. 

“ Altogether  this  voluminous  treatise  is  a credit  to  its  Author,  its  Publisher  and  to 

English  Physic Affords  an  admirable  and  honest  digest  of  the  opinions  and 

practice  of  the  day Commends  itself  to  us  for  sterling  value,  width  of  retrospect, 

and  fairness  of  representation.” — M edico-Chirurgical  Review. 

“The  Standard  Text-Book  in  the  English  language There  is,  perhaps,  no 

work  more  indispensable  for  the  Practitioner  and  Student." — Edin.  Medical  Journal. 

" We  can  say,  with  perfect  confidence,  that  no  medical  man  in  India  should  be 
without  the  Sixth  Edition  of  Dr.  Aitken’s  ‘Science  and  Practice  of  Medicine.'  We 
say  the  Sixth  Edition,  because  it  is  full  of  new  matter.  The  article  on  Cholera  is  by  far 
the  most  complete,  judicious,  and  learned  summary  of  our  knowledge  respecting  this 
disease  which  has  yet  appeared.” — Indian  Medical  Gazette. 
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Prof.  Aitken’s  Works — (cwttinned.) 

AITKEN  (William,  M.D.,  F.R.S.) : OUTLINES 

OF  THE  SCIENCE  AND  PRACTICE  OF  MEDICINE.  A Text- 
Book  for  Students.  Crown  8,vo.  Cloth,  bevelled,  12/6. 

“ So  complete  as  to  form  a useful  work  ot  reference.  The  natural  history  of  the 
principal  diseases,  the  diagnostic  signs  by  which  they  may  be  distinguished,  together 
with  the  therapeutic  indications,  are  concisely  and  systematically  given.  The  book 
cannot  fail  to  become  a popular  one,  and  we  cordially  recommend  it  to  the  notice  of 
teachers  and  students.” — Lancet. 

“ Well-digested,  clear,  and  well-written'  the  work  of  a man  conversant  with  every 
detail  of  his  subject,  and  a thorough  master  of  the  art  of  teaching. — British  Medical 
Journal. 

“ Students  preparing  for  examinations  will  hail  it  as  a perfect  godsend  for  its  con- 
ciseness.”— Athenaeum. 

“ In  respect  of  both  the  matter  contained,  and  the  manner  in  which  it  is  conveyed, 

our  examination  has  convinced  us  that  nothing  could  be  better We  know  of  no 

summary  of  the  use  of  Electricity  as  a means  of  diagnosis  equal  to  that  contained 
in  the  Section  on  Diseases  of  the  Nervous  System.” — Medico -Chirurgical  Review. 

AITKEN  (William, M.D.,F.R.S.);  The  GROWTH 

OF  THE  RECRUIT,  and  the  Young  Soldier,  with  a view  to  the 
Selection  of  “ Growing  Lads”  and  their  Training.  Second  Edition  in 
preparation. 

“ This  little  work  should  be  in  the  hands  of  all  instructors  of  youth,  and  all  em- 
ployers of  youthful  labour.” — Lancet. 

AITKEN  (William,  .M.D,  F.R.S.) : OUTLINE 

FIGURES  OF  THE  TRUNK  OF  THE  HUMAN  BODY.  On 
which  to  indicate  the  areas  of  physical  signs  in  the  Clinical  Diagnosis 
of  Disease.  For  the  use  of  Students  and  Practitioners  of  Medicine.  1/6. 


ANSTED  (Prof.,  M.A.,  F.R.S.)  : GEOLOGY  ; 

A TREATISE  ON.  (Circle  of  the  Sciences).  Crown  8vo.  Cloth,  2/6. 

ANSTED  (Prof.,  M.A.,  F.R.S.)  : NATURAL 

HISTORY  OF  THE  INANIMATE  CREATION,  recorded  in  the 
Structure  of  the  Earth,  the  Plants  of  the  Field,  and  the  Atmospheric 
Phenomena.  With  numerous  Illustrations.  Large  post  8vo.  Cloth,  8/6. 

BAIRD  (W.,  M.D.,  F.L.S.,  late  of  the  British 

Museum) : 

THE  STUDENT’S  NATURAL  HISTORY;  a Dictionary  of  the  Na- 
tural Sciences  : Botany,  Conchology,  Entomology,  Geology,  Mineralogy, 
Paleontology,  and  Zoology.  With  a Zoological  Chart,  showing 
the  Distribution  and  Range  of  Animal  Life,  and  over  two  hundred 
and  fifty  Illustrations.  Demy  8vo.  Cloth  gilt,  10/6. 

“ The  work  is  a very  useful  one,  and  will  contribute,  by  its  cheapness  and  compre- 
hensiveness, to  foster  the  extending  taste  for  Natural  Science.”— Review. 


lO 


CHARLES  GRIFFIN  <§»  COMPANY'S 


NEW  AND  IMPORTANT  WORK. 

A DICTIONARY  OF  HYGIENE  AND  PUB- 
LIC HEALTH.  By  Alexander  Wynter  Blyth,  M.R.C.S.,  F.C.S., 
etc.,  Analyst  for  the  County  of  Devon,  and  Medical  Officer  of  Health 
for  the  North  Devon  Combination  of  Sanitary  Authorities.  Medium 
8vo,  672  pp.,  cloth  bevelled,  with  Map,  Diagram,  and  140  Illustrations, 
Price  28/- 

GENERAL  CONTENTS. 

The  Work  comprises  over  Seven  Hundred  Articles,  embracing  the 

following  subjects: — 

I.  — Sanitary  Chemistry  : the  Composition  and  Dietetic  Value 

of  Foods,  with  the  latest  Processes  for  the  Detection  of  Adul- 
terations. 

II.  — Sanitary  Engineering  : Sewage,  Drainage,  Storage  of 

Water,  Ventilation,  Warming,  etc. 

III.  — Sanitary  Legislation  : the  whole  of  the  PUBLIC 
HEALTH  ACT,  1875,  together  with  sections  and  portions  of 
other  Sanitary  Statutes,  (without  alteration  or  abridgment, 
save  in  a few  unimportant  instances)  in  a form  admitting  of 
easy  and  rapid  reference. 

IV.  — Epidemic  and  Epizootic  Diseases  : their  History  and  Pro- 

pagation, with  the  Measures  for  Disinfection. 

V.  — Hygiene — Military,  Naval,  Private,  Public,  School. 

" The  work  now  offered  to  the  public  aims  at  filling  a vacant  place  in  English 
sanitary  literature,  namely,  that  of  a book  of  reference  which,  in  one  volume  of  con- 
venient size,  shall  contain  the  information  on  sanitary  topics  at  present  only  to  be 
gathered  from  the  perusal  of  many  separate  and  distinct  treatises.  It  is  not  in- 
tended solely  and  entirely  for  any  particular  class.  Sanitation  is  imperial — it  con- 
cerns every  living  unit  of  the  State,  and  is  of  equal  value  to  all.  Therefore, 
although  the  special  wants  of  the  practical  hygienist— the  medical  officer  of  health 
and  public  analyst — have  naturally  claimed  the  first  place,  and  received  the  attention 
which  their  importance  demands,  the  author  has  throughout  endeavoured  to  render 
intelligible  to  non-professional  readers  also,  every  subject  susceptible  of  such  treat- 
ment.”— Extract  from  A uthor’s  Preface. 


Opinions  of  the  Press. 

“The  articles  on  Food  and  its  Adulterations  are  good,  the  most  recent  methods 
of  examination  being  given,  and  the  chemical  processes  well  described.” — Lancet. 

“Avery  important  Treatise  . . . an  examination  of  its  contents  satisfies  US 
that  it  is  a work  which  should  be  highly  appreciated.”— Medico-Chirurgical  Review. 

“ A work  that  must  have  entailed  a vast  amount  of  labour  and  research. 

Will  be  found  of  extreme  value  to  all  who  are  specially  interested  in  Sanitation.  It 
is  more  than  probable  that  it  will  become  a Standard  Work  in  Hygiene  and 
Public  Health.” — Medical  Times  and  Gazette. 

"Mr.  Blyth  has  ably  filled  a void  in  British  Sanitary  literature.  . . . This 
Standard  Work  . . . indispens^ble  for  all  who  are  interested  in  Public-Health 
matters,  and  for  all  Public  Libraries.” — Public  Health. 

“ Contains  a great  mass  of  information  of  easy  reference  ...  a compilation 
carefully  made  from  the  best  sources.  Many  of  the  articles  are  very  good.” Sani- 

tary Record. 

“We  can  cordially  recommend  it  as  a book  of  reference  to  all  persons  interested 
in  Sanitation.” — Indian  Medical  Gazette. 

BLYTH  (A.  Wynter,  M.R.C.S.,  F.C.S.)  : A MA- 

NUAL  of  TRACTICAL  chemistry,  applied  to  the  Analysis  of 
Foods  and  Detection  of  Poisons.  Crown  8vo.  [In  Preparation). 
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THE  CIRCLE  OF  THE  SCIENCES: 

A SERIES  OF  POPULAR  TREATISES 

ON  THE  NATURAL  AND  PHYSICAL  SCIENCES, 

And  their  Applications. 

BY 

Professors  Owen,  Ansted,  Young  and  Tennant;  Drs.  Latham,  Edward 
Smith,  Scoffern,  Bushnan  and  Bronner;  Messrs.  Mitchell,  Twisden, 
Dallas,  Gore,  Imray,  Martin,  Sparling,  and  others.  ’ 

Complete  in  nine  volumes,  illustrated  with  many  thousand  Engravings  on 
Wood.  Crown  8vo.  Cloth  lettered.  5/-  each  volume. 


VoL.  I. — ORGANIC  NATURE. — Part  I.  Animal  and  Vegetable  Physi- 
ology; the  Skeleton  and  the  Teeth;  Varieties  of  the  Human  Race, 
by  Professor  Owen,  Dr.  Latham,  and  Dr.  Bushnan. 

VoL.  2. — ORGANIC  NATURE. — Part  II.  Structural  and  Systematic 
Botany,  and  Natural  History  of  the  Animal  Kingdom,  Invertebrated 
Animals:  by  Dr.  Edward  Smith  and  William  S.  Dallas,  F.L.S. 

VoL.  3.— ORGANIC  NATURE.— Part  HI.  Natural  History  of  the 
Animal  Kingdom,  Vertebrated  Animals  : by  William  S.  Dallas, 
F.L.S. 

VoL.  4. — INORGANIC  NATURE. — Geology  and  Physical  Geography 
Crystallography  ; Mineralogy  ; Meteorology,  and  Atmospheric  Pheno- 
mena, by  Professor  Ansted,  Rev.  W.  Mitchell,  M.A.,  Professor 
Tennant,  and  Dr.  Scoffern. 

VoL.  5.— PRACTICAL  ASTRONOMY,  NAVIGATION,  AND  NAU- 
TICAL ASTRONOMY,  by  Hugh  Breem,  Greenwich  Observatory', 
Professor  Young,  and  E.  J.  Lowe,  F.R.A.S. 

VoL.  6.— ELEMENTARY  CHEMISTRY.— The  Imponderable  Agents 
and  Inorganic  Bodies,  by  John  Scoffern,  M.D. 

VoL.  7. — PRACTICAL  CHEMISTRY.— Monographs; on  Electro-Metal- 
lurgy; the  Photographic  Art;  Chemistry  of  Food  and  its  Adultera- 
tions; and  Artificial  Light;  by  George  Gore,  Birmingham,  John 
Scoffern,  M.D.,  Dr.  Edward  Bronner,  Bradford,  Marcus  Sparling, 
and  John  Martin. 

VoL.  8.— MATHEMATICAL  SCIENCE.— Philosophy  of  Arithmetic; 
Algebra  and  its  Solutions ; Plane  Geometry ; Logarithms ; Plane  and 
Spherical  Trigonometry;  Mensuration  and  Practical  Geometry,  with 
use  of  Instruments,  by  Prof.  Young,  Rev.  J.  F . Twisden,  M.A.,  Sand- 
hurst College,  and  Alexander  Jardine,  C.E. 

VoL.  9.— MECHANICAL  PHILOSOPHY.— The  Properties  of  Matter, 
Elementary  Statics;  Dynamics;  Hydrostatics;  Hydrodynamics;  Pneu- 
matics; Practical  Mechanics;  and  the  Steam  Engine,  by  the  Rev. 
Walter  Mitchell.  M.A.,  J.  R.  Young,  and  John  Imray. 
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THE  CIRCLE  OF  THE  SCIENCES, 

In  Separate  Treatises.  Cloth. 


s.  d. 

1.  Ansted’s  Geology  and  Physical  Geography  < . .26 

2.  Breem’s  Practical  Astronomy 26 

3.  Bronner  and  Scoffern’s  Chemistry  of  Food  and  Diet  . i 6 

4.  Bushnan’s  Physiology  of  Animal  and  Vegetable  Life  . i 6 

5.  Gore’s  Theory  and  Practice  of  Electro-Deposition  . i 6 

6.  Imray’s  Practical  Mechanics 16 

7.  Jardine’s  Practical  Geometry 16 

8.  Latham’s  Varieties  of  the  Human  Species  . . .16 

g.  Mitchell  & Tennant’s  Crystallography  & Mineralogy  3 0 

10.  Mitchell’s  Properties  of  Matter  and  Elementary  Statics  i 6 
ri.  Owen’s  Principal  Forms  of  the  Skeleton  and  the  Teeth,  i 6 

12.  Scoffern’s  Chemistry  of  Light,  Heat  and  Electricity  . 3 o 

13.  Scoffern’s  Chemistry  of  the  Inorganic  Bodies  . .30 

14.  Scoffern’s  Chemistry  of  Artificial  Light  . . .16 

13.  Scoffern  and  Lowe’s  Practical  Meteorology  . .16 

16.  Smith’s  Introduction  to  Botany  ; Structural  & Systematic  2 0 

17.  Twisden’s  Plane  and  Spherical  Trigonometry  . .16 

18.  Twisden  on  Logarithms 10 

ig'.  Young’s  Elements  of  Algebra 10 

20.  Young’s  Solutions  of  Questions  in  Algebra  . . .10 

21.  Young’s  Navigation  and  Nautical  Astronomy  . .26 

22*  Young’s  Plane  Geometry 16 

23.  Young’s  Simple  Arithmetic 10 

24.  Young’s  Elementary  Dynamics 16 


DALLAS  (W.  S.,  F.L.S.): 

A POPULAR  HISTORY  OF  THE  ANIMAL  CREATION:  being 
a Systematic  and  Popular  Description  of  the  Habits,  Structure  and 
Classification  of  Animals.  With  coloured  F'rontispiece  and  many 
hundred  Illustrations.  Crown  8vo.  Cloth,  8/6.  New  Edition. 
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DOUGLAS’S  TELEGRAPH  CONSTRUCTION. 

Published  with  the  Approval  of  the  Director-General  of  Telegraphs  in  India.. 

A MANUAL  OF  TELEGRAPH  CONSTRUC- 

TION  : The  Mechanical  Elements  of  Electric  Telegraph  Engineering. 
For  the  use  of  Telegraph  Engineers  and  others.  By  John  Christie 
Douglas,  Society  of  Telegraphic  Engineers,  East  India  Government 
Telegraph  Department,  &c.  With  numerous  Diagrams.  Crown  8vo. 
Cloth,  bevelled,  15/-  Second  Edition,  with  Appendices  ayid  Copious 
Index,  now  ready. 

GENERAL  CONTENTS. 

Part  I. — General  Principles  of  Strength  and 

Stability,  comprising  the  Strength  of  Materials;  the  Dis- 
tribution of  Load  and  Stress  in  Telegraph  Structures,  such  as 
Poles — simple,  strutted,  tied,  stayed,  coupled,  and  trussed ; 
the  Catenary,  with  application  of  its  Formulae  to  the  cases 
of  Wires  and  Cables ; Theory  of  the  Submersion  of 
Cables,  &c. 

Part  II. — Properties  and  Applications  of  Mate- 
rials, Operations,  and  Manipulation,  including  the  Prin- 
ciples and  Practice  of,  and  Numerical  Data  for,  designing 
Simple  Structures,  such  as  Poles  of  Iron  and  Wood;  Iron  and 
Wooden  Masts — simple  and  compound;  Specifications  for 
Wire,  &c. ; Soldering ; Surveying ; the  Raising  of  Heavy 
Masts  ; Insulating  Materials  and  their  Applications,  &c. 

Part  III. — Telegraph  Construction,  Maintenance 

AND  Organisation,  treating  of  the  Application  of  the  In- 
formation conveyed  in  Parts  I and  II.  to  the  case  of  Combined 
Structures,  including  the  Construction  of  Overground,  Subter- 
ranean, and  Subaqueous  Lines  ; Office  Fittings  ; Estimating; 
Organisation,  &c. 

" Mr.  Douglas  deserves  the  thanks  of  Telegraphic  Engineers  for  the  excellent 
* Manual  ’ now  before  us  ....  he  has  ably  supplied  an  existing  want  ..... 
the  subject  is  treated  with  great  clearness  and  judgment  ....  good  practical 
information  given  in  a clear,  terse  style." — Engineering. 

“Mr.  Douglas’s  work  is,  we  believe,  the  first  of  its  kind.  . . . The  author  is 

evidently  a practical  Telegraphic  Engineer The  amount  of  information 

given  is  such  as  to  render  this  volume  a most  useful  guide  to  any  one  who  may  be 
engaged  in  any  branch  ot  Electric-Telegraph  Engineering.” — Athenceum. 

“ The  book  is  calculated  to  be  of  great  service  to  Telegraphic  Engineers, 
the  arrangement  is  so  judicious  that  with  the  aid  of  the  full  table  of  contents,  reference 
to  any  special  point  should  be  easy.’’^/ro«. 


GRIFFIN  (John  Joseph,  F.R.S.)  : 

CHEMICAL  RECREATIONS:  A Popular  Manual  of  Experi- 
mental Chemistry.  With  540  Engravings  of  Apparatus.  Crown  4to. 
Cloth.  Tenth  Edition. 

Part  I.  Elementary  Chemistry,  price  2/- 

Part  II.  The  Cheniistry  of  the  Non-Metallic  Elements,  Including  a 
Comprehensive  Course  of  Class  Experiments,  price  10/6. 

Or,  complete  in  one  volume,  cloth,  gilt  top,  12/6 
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LEAKED  (Arthur,  M.D.,  F.R.C.P.,  Senior  Phy- 

sician to  the  Great  Northern  Hospital) : 

IMPERFECT  DIGESTION  : Its  Causes  and  Treatment.  Post  8vo. 
Cloth,  4/6.  Sixth  Edition. 

“ It  now  constitutes  about  the  best  work  on  the  subject." — Lancet. 

“ Dr.  Leared  has  treated  a most  important  subject  in  a practical  spirit  and  popular 
manner.” — Medical  Times  and  Gazette. 

“ A useful  manual  of  the  subject  upon  which  it  treats,  and  we  welcome  it  as  an 
addition  to  our  Medical  Literature.” — Dublin  Quarterly  Journal  of  Medical  Science. 


MOFFITT  (Staff-Assistant-Surgeon  A.,  of  the 

Royal  Victoria  Hospital,  Netley)  : 

A MANUAL  OF  INSTRUCTION  FOR  ATTENDANTS  ON 
THE  SICK  AND  WOUNDED  IN  WAR.  Published  under  the 
sanction  of  the  National  Society  for  Aid  to  the  Sick  and  Wounded  in 
War.  With  numerous  Illustrations.  Post  8vo.  Cloth,  5/- 

“ A work  by  a practical  and  experienced  author.  After  an  explicit  chapter  on  the 
Anatomy  of  the  Human  Body,  directions  are  given  concerning  bandaging,  dressing  of 
sores,  wounds,  &c.,  assistance  to  wounded  on  field  of  action,  stretchers,  mule  litters, 
ambulance,  transport,  &c.  All  Dr.  Moffitt’s  instructions  are  assisted  by  well  executed 
illustrations.” — Public  Opinion. 

“ A well  written  volume.  T echnical  language  has  been  avoided  as  much  as  possible, 
and  ample  explanations  are  afforded  on  all  matters  on  the  uses  and  management  of 
the  Field  Hospital  Equipment  of  the  British  Army.” — Standard. 


NAPIER  (James,  F.R.S.E.,  F.C.S.): 

A MANUAL  OF  ELECTRO-METALLURGY.  With  numerous 
Illustrations.  Crown  8vo,  cloth,  7/6.  Fifth  Edition,  revised  and 
enlarged. 

GENERAL 

I. — History  of  the  Art. 

II. — Description  of  Galvanic  Bat- 
teries and  their  Respective 
Peculiarities. 

III.  — Electrotype  Processes. 

IV.  — Bronzing. 

V. — Miscellaneous  Applications  of 
the  Process  of  Coating  with 
Copper. 

“ A work  that  has  become  an  established  authority  on  Electro-Metallurgy,  an  art 
which  has  been  of  immense  use  to  the  Manufacturer  in  econontisinf'  the  quantity  of 

the  precious  metals  absotbed,  and  in  extending  the  sale  of  Art  Manufactures 

We  can  heartily  commend  the  work  as  a valuable  handbook  on  the  subject  on  which 
it  treats.” — Journal  of  Applied  Science. 

“The  fact  of  Mr.  Napier’s  Treatise  having  reached  a fifth  edition  is  good 

evidence  of  an  appreciation  of  the  Author’s  mode  of  treating  his  subject A 

very  useful  and  practical  little  Manual.” — Iron. 

“ The  Fifth  Edition  has  all  the  advantages  of  a new  work,  and  of  a proved  and  tried 
friend.  Mr.  Napier  is  well-known  for  the  carefulness  and  accuracy  with  which  he  writes 
. . . there  isathorou^ness  in  the  handling  of  the  subject  which  is  far  from  general 
in  these  days  . . . The  work  is  one  of  those  which,  besides  supplying  first-class 
information,  are  calculated  to  inspire  invention.” — Jeweller  and  W atchmaker. 


CONTENTS. 

VI. — Deposition  of  Metals  upon  one 
another. 

VII. — Electro-Plating. 

VIII. — Electro-Gilding. 

IX. — Results  of  Experiments  on  the 
Deposition  of  other  Metals  as 
Coatings. 

X. — Theoretical  Observations. 
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NAPIER  (James,  F.R.S.E.,  F.C.S.)  : 

A MANUAL  OF  THE  ART  OF  DYEING  AND  DYEING  RE- 
CEIPTS. Illustrated  by  Diagrams  and  Numerous  Specimens  of  Dyed 
Cotton,  Silk,  and  Woollen  Fabrics.  Demy  8vo.,  cloth,  21/-.  Third 
Edition,  thoroughly  revised  and  greatly  enlarged. 

GENERAL  CONTENTS: 

Part  L— HEAT  AND  LIGHT: 

Their  effects  upon  Colours,  and  the  changes  they  produce  in 
many  Dyeing  Operations. 

Part  IL— A CONCISE  SYSTEM  OF  CHEMISTRY,  with  special 

reference  to  Dyeing : 

Elements  of  Matter,  their  physical  and  chemical  properties, 
producing  in  their  combination  the  different  Acids,  Salts,  &c., 
in  use  in  the  Dye-House. 

Part  III.— MORDANTS  AND  ALTERANTS  : 

Their  composition,  properties,  and  action  in  fixing  Colours 
within  the  Fibre. 

Part  IV. — VEGETABLE  MATTERS  in  use  in  the  Dye-House: 

ist.  those  containing  Tannin,  Indigo,  &c. ; 2ndly,  the  various 
Dyewoods  and  Roots,  as  Logwood,  Madder,  Bark,  &c. 

Part  V.— ANIMAL  DYES: 

Cochineal,  Kerms,  Lac,  &c. 

Part  VI.— COAL-TAR  COLOURS: 

Their  Discovery,  Manufacture,  and  Introduction  to  the  Dyeing- 
Art,  from  the  discovery  of  MAUVE  to  ALIZARIN. 

APPENDIX.— RECEIPTS  FOR  MANIPULATION  : 

Bleaching;  Removing  Stains  and  Dyes;  Dyeing  of  different 
Colours  upon  Woollen,  Silk,  and  Cotton  Materials,  with 
Patterns. 

“ The  numerous  Dyeing  Receipts  and  the  Chemical  Information  furnished  will  be 

exceedingly  valuable  to  the  Practical  Dyer a Manual  of  necessary 

reference  to  all  those  who  wish  to  master  their  trade,  and  keep  pace  with  the  scientific 
discoveries  of  the  time." — Journal  of  Applied  Science. 

"In  this  work  Mr.  Napier  has  done  good  service .being  a Practical  Dyer 

himself,  he  knows  the  wants  of  his  confrires the  Article  on  Water  is  a very 

valuable  one  to  the  Practical  Dyer,  enabling  him  readily  to  detect  impurities,  and 

correct  their  action The  Article  on  Indigo  is  very  exhaustive the  Dyeing 

Receipts  are  very  numerous,  and  well  illustrated.  * Textile  Munufactuver, 


PHILLIPS  (John,  M.A.,  F.R.S.,  F.G.S.,late  Pro- 

fessor  of  Geology  at  the  University  of  Oxford). 

A MANUAL  OF  GEOLOGY : Practical  and  Theoretical.  Revised 
and  Edited  by  Robert  Etheridge,  F.R.S.,  F.G.S.,  of  the  Museum  of 
Practical  Geology.  {Iii  Preparation). 
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PH  ILLIPSQ.  Arthur, M.  Inst.  C.E.,F.C.S.,F.G.S., 

Ancien  Eleve  dc  I’Ecole  des  Mines,  Paris) : 

ELEMENTS  OF  METALLURGY ; A Practical  Treatise  on  the 
Art  of  Extracting  Metals  from  their  Ores.  With  over  two  hundred  Il- 
lustrations, many  of  which  have  been  reduced  from  Working  Drawings. 
Royal  8vo,  764  pages,  cloth,  34/- 

GENERAL  CONTENTS: 

I. — A Treatise  on  Fuels  and  Refractory  Materials. 

II. — A Description  of  the  principal  Metalliferous  Minerals,  with 
their  Distribution. 

III.  — Statistics  of  the  amount  of  each  Metal  annually  produced 

throughout  the  World,  obtained  from  official  sources,  or, 
where  this  has  not  been  practicable,  from  authentic  private 
information. 

IV.  — The  Methods  of  Assaying  the  different  Ores,  together  with 

the  Processes  of  Metallurgical  Treatment,  comprising: 
Iron,  Cobalt,  Nickel,  Aluminium,  Copper,  Tin,  Antimony, 
Arsenic,  Zinc,  Mercury,  Bismuth,  Lead,  Silver,  Gold 
and  Platinum. 

“In  this  most  useful  and  handsome  volume  Mr.  Phillips  has  condensed  a lar^e 

amount  of  valuable  practical  knowledge Wehave  not  only  the  results  of  scientihc 

inquiry  most  cautiously  set  forth,  but  the  experiences  of  a thoroughly  practical  man, 
very  clearly  given.” — AihencEum. 

“ For  twenty  years  the  learned  author,  who  might  well  have  retired  with  honour 
on  account  of  his  acknowledged  success  and  high  character  as  an  authority  in  Metal- 
lurgy, has  been  making  notes,  both  as  a Mining  Engineer  and  a practical  Metallurgist, 
and  devoting  the  most  valuable  portion  of  his  time  to  the  accumulation  of  materials 
for  this,  his  Masterpiece.  There  can  be  no  possible  doubt  that  ‘ Elements  of  Metal- 
lurgy’ will  be  eagerly  sought  for  by  Students  in  Science  and  Art,  as  well  as  by  Practi- 
cal Workers  in  Metals Two  hundred  and  fifty  pages  are  devoted  exclusively  to 

the  Metallurgy  of  Iron,  in  which  every  process  of  manufacture  is  treated,  and  the 
latest  improvements  accurately  detailed.” — Colliery  Guardian. 

“The  value  of  this  work  is  almost  inestimable.  There  can  be  no  question  that  the 

amount  of  time  and  labour  bestowed  on  it  is  enormous There  is  certainly  no 

Metallurgical  Treatise  in  the  language  calculated  to  prove  of  such  general  utility  to 
the  Student  really  seeking  sound  practical  information  upon  the  subject,  and  none 
which  gives  greater  evidence  of  the  extensive  metallurgical  knowledge  of  its  author.” 
— Mining  Journal. 


PORTER  : (Surgeon-Major  J.  H.,  Assistant- ► 

Professor  of  Military  Surgery  in  the  Army  Medical  School,  Hon.  Assoc, 
of  the  Order  of  St.  John  of  Jerusalem)  : 

THE  SURGEON’S  POCKET-BOOK:  An  Essay  on  the  Best  Treat-  - 
ment  of  the  Wounded  in  War  ; for  which  a Prize  was  awarded  by  Her  |l| 
Majesty  the  Empress  of  Germany.  Specially  adapted  to  the  Public  yj 
Medical  Services.  With  numerous  Illustrations,  i6mo,  roan,  7/6. 

“Just  such  a work  as  has  long  been  wanted,  in  which  men  placed  in  a novel  • 
position,  can  find  out  quickly  what  is  best  to  be  done.  We  strongly  recommend  it  to  : 
every  officer  in  the  Public  Medical  Services.” — Practitioner. 

“ A complete  vade  meciint  to  guide  the  military  surgeon  in  the  field.” — British  1 
Medical  Journal. 

“A  capital  little  book  ...  of  the  greatest  practical  value.  . . . A surgeon  | 
with  this  Manual  Ln  his  pocket  becomes  a man  of  resource  at  once.” — Westminster  i 
Review. 
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SCIENTIFIC  MANUALS 

BY 

W.  J.  MACQUORN  EANKINE,  C.E.,  LL.D.,  F.E.S., 

Late  Regius  Professor  of  Civil  Engineering  in  the  University  of  Glasgow. 


I.— RANKINE  (Prof.):  APPLIED  MECHANICS 

(A  Manual  of) ; comprising  the  Principles  of  Statics  and  Cinematics, 
and  Theory  of  Structures,  Mechanism  and  Machines.  With  numerous 
Diagrams.  Revised  by  E.  P\  Bamber,  C.E.  Crown  8vo.  Cloth,  12/6. 
Ninth  Edition. 

" Cannot  fail  to  be  adopted  as  a text-book The  whole  of  the  information 

so  admirably  arranged  that  there  is  every  facility  for  reference." — Mining  Journal. 


II.— RANKINE  (Prof.):  CIVIL  ENGINEERING 

(A  Manual  of)  ; comprising  Engineering  Surveys,  Earthwork,  Founda- 
tions, Masonry,  Carpentry,  Metal-work,  Roads,  Railways,  Canals, 
Rivers,  Water-works,  Harbours,  &c.  With  numerous  Tables  and  Illus- 
trations. Revised  by  E.  F.  Bamber,  C.E.  Crown  8vo.  Cloth,  16/- 
Twelfth  Edition. 

“ Far  surpasses  in  merit  every  existing  work  of  the  kind.  As  a Manual  for  the 
hands  of  the  professional  Civil  Engineer  it  is  sufficient  and  unrivalled,  and  even  when 
we  say  this  we  fall  short  of  that  high  appreciation  of  Dr.  Rankine’s  labours  which  wc 
should  like  to  express.” — The  Engineer. 


::  III.— RANKINE  (Prof.):  MACHINERY  AND 

MILL  WORK  (A  Manual  of);  comprising  the  Geometry,  Motions, 
Work,  Strength,  Construction,  and  Objects  of  Machines,  &c.  Illus- 
trated with  nearly  300  Woodcuts.  Revised  by  E.  F.  Bamber,  C.E. 
Crown  8vo.  Cloth,  12/6.  Third  Edition. 

“Professor  Rankine’s  ‘Manual  of  Machinery  and  Millwork’  fully  maintains  the 
high  reputation  which  he  enjoys  as  a scientific  author ; higher  praise  it  is  difficult  to 
award  to  any  book.  It  cannot  fail  to  be  a lantern  to  the  feet  of  ervery  engineer." — The 
Engineer. 

IV.— RANKINE  (Prof.):  The  STEAM  ENGINE 

and  OTHER  PRIME  MOVERS  (A  Manual  of).  With  Diagram 
of  the  Mechanical  Properties  of  Steam,  numerous  Tables  and 
Illustrations.  Revised  by  E.  F.  Bamber,  C.E.  Crown  8vo.  Cloth, 
12/6.  Eighth  Edition. 


V. — RANKINE  (Prof.):  USEFUL  RULES  and 

TABLES.  For  Architects,  Builders,  Carpenters,  Coachbuilders,  En- 
gravers, Engineers,  Founders,  Mechanics,  Shipbuilders,  Surveyors, 
Wheelwrights,  &c.  Crown  8vo.  Cloth,  g/-  hijth  Edition. 

“ UndoubLdly  the  most  useful  collection  of  engineering  data  hitherto  produced."— 

VI. — rSkINE  (Prof.):  A MECHANICAL 

TEXT-BOOK.  By  Professor  Macquorn  Rankine&  E.  F.  Bamber,  C.E. 
With  numerous  Illustrations.  Crown  8vo.  Cloth,  9/-  Second  Edition. 


“ The  work,  as  a whole,  is  very  complete,  and  likely  to  prove  invaluable  for  furnish- 
ing a useful  and  reliable  outline  of  the  subjects  treated  ot."— Mining  Journal. 

* * Thp  mpthanical  text-book  forms  a simple  Introduction  to  prof,  ranki.ne’s  series 
* of  MA.NUALS  on  engineering  and  mechanics 
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SHELTON  (W.  Vincent,  Foreman  to  the  Imperial 

Ottoman  Gun-Factories,  Constantinople). 

THE  MECHANIC’S  GUIDE:  A Hand-book  for  Engineers  and 
Artizans.  With  Copious  Tables  and  Valuable  Recipes  for  Practical 
Use.  Illustrated.  Crown  8vo,  cloth,  7/6. 


GENERAL  CONTENTS: 


Part  I. — Arithmetic. 

Part  II. — Geometry. 

Part  HI. — Mensuration. 

Part  IV. — Velocities  in  Boring 
and  Wheel-Gearing. 


Part  V. — Wheel  and  Screw- 
Cutting. 

Part  VI. — Miscellaneous  Sub- 

jects. 

Part  VII. — The  Steam-Engine. 
Part  VIII. — The  Locomotive. 


‘The  Mechanic’s  Guide  will  answer  its  purpose  as  completely  as  a whole  series 
of  elaborate  text-books.” — Mining  Journal. 

“ Ought  to  have  a place  on  the  bookshelf  of  every  mechanic.” — Iron. 

“ Much  instruction  is  here  given  without  pedantry  or  pretension.” — Builder. 

‘‘  A sine  quel  non  to  every  practical  Mechanic.” — Railway  Service  Gazette. 

This  Work  is  specially  intended  for  Self-Teachers,  and  places  before  the  Reader 
a concise  and  simple  explanation  of  General  Principles,  together  with  Illustrations  of 
their  adaptation  to  Practical  Purposes. 


THOMSON  (Spencer,  M.D.,L.R.C.S., Edinburgh); 

A DICTIONARY  of  DOMESTIC  MEDICINE  and  HOUSEHOLD 
SURGERY.  Thoroughly  revised  and  brought  down  to  the  present  state 
of  Medical  Science.  With  an  additional  chapter  on  the  Management 
of  the  Sick  Room;  and  Hints  for  the  Diet  and  Comfort  of  Invalids. 
iMany  Illustrations.  Demy  8vo,  750  pages.  Cloth,  8/6.  Thirteenth 
Edition. 

“The  best  and  safest  book  on  Domestic  Medicine  and  Household  Surgery  which 
has  yet  appeared.” — London  Journal  oj  Medicine. 

“ Dr.  Thomson  has  fully  succeeded  in  conveying  to  the  public  a vast  amount  of 
useful  professional  knowledge.” — Dublin  Journal  of  Medical  Science. 

“ Worth  its  weight  in  gold  to  families  and  the  clergy.” — Oxford  Herald. 


WYLDE  (James,  formerly  Lecturer  on  Natural 

Philosophy  at  the  Polytechnic): 

THE  MAGIC  OF  SCIENCE:  A Manual  of  Easy  and  Amusing 
Scientific  Experiments.  With  Steel  Portrait  of  Faraday  and  many 
hundred  Engravings.  Crown  8vo.  Cloth  gilt,  and  gilt  edges,  5/-  Third 
Edition. 

“ Of  priceless  value  to  furnish  work  for  idle  hands  during  the  holidays.  A 
thousand  mysteries  of  Modern  Science  are  here  unfolded.  We  learn  how  to  make 
Oxygen  Gas,  how  to  construct  a Galvanic  Battery,  how  to  gild  a Medal  by  Electro- 
plating, or  to  reproduce  one  by  Electrotyping,  how  to  make  a Microscope  or  take  a 
Photograph,  while  the  elements  of  Mechanics  are  explained  so  simply  and  clearly 
that  the  most  unmechanical  of  minds  must  understand  them.  Such  a work  is 
deserving  of  the  highest  praise.” — The  Graphic. 

“To  those  who  need  to  be  allured  into  the  paths  of  natural  science,  by  witnessing 
the  wonderful  results  that  can  be  produced  by  well-contrived  experiments,  we  do  not 
know  that  we  could  recommend  a more  useful  volume.” — Athenceum. 


EDUCATIONAL  PUBLICATIONS. 


Educational  Works. 


1 BRYCE  (Archibald  Hamilton,  D.C.L.,  LL.D., 

Senior  Classical  Moderator  in  the  University  of  Dublin) ; 

VIRGILII  OPERA.  Text  from  Heyne  and  Wagner.  English 
Notes,  original,  and  selected  from  the  leading  German,  American 
and  English  Commentators.  Illustrations  from  the  antique.  Com- 
plete in  One  Volume,  fcap.  8vo.,  cloth,  6/-  Twelfth  Editioii. 

Or,  in  Three  Parts  : 

Parti.  Bucolics  and  Georgics  ..  ..  2/6 

Part  II.  The  ^EiNEiD,  Books  I. — VI.  ..  ..  2/6 

Part  III.  The  .(EIneid,  Books  VII. — XII,  ..  2/6 

“ Contains  the  pith  of  what  has  been  written  by  the  best  scholars  on  the  subject. 
The  notes  comprise  everything  that  the  student  can  want.” — Athenceum. 

“ The  most  complete,  as  well  as  elegant  and  correct,  edition  of  Virgil  ever  published 
in  this  country.” — Educational  Times. 

“ The  best  commentary  on  Virgil  which  a student  can  obtain.” — Scotsman, 

I COBBETT  .(William)  : ENGLISH  GRAMMAR 

in  a Series  of  Letters,  intended  for  the  use  of  Schools  and  Young  Per- 
sons in  general.  With  an  additional  Chapter  on  Pronunciation,  by  the 
Author’s  Son,  James  Paul  Cobbett.  Ecap.  8vo,  Cloth,  1/6.  {The 
only  correct  and  authorized  Edition). 

“ A new  and  cheapened  edition  of  that  most  excellent  of  all  English  Grammars, 
William  Cobbett’s.  It  contains  new  copyright  matter,  as  well  as  includes  the  equally 
amusing  and  instructive  ‘ Six  Lessons  intended  to  prevent  statesmen  from  writing  in 
an  awkward  manner.'” — Atlas. 

I COBBETT  (William)  : A FRENCH  GRAMMAR. 

, Fcap,  8vo.  Cloth,  3/6.  Fifteenth  Edition. 

Cobbett’s  French  Grammar’  comes  out  with  perennial  freshness.  . There  are 
' few  grammars  equal  to  it  for  those  who  are  learning,  or  desirous  of  learning,  French 
without  a teacher.  The  work  is  excellently  arranged,  and  in  the  present  edition  W’C 
note  certain  careful  and  wise  revisions  of  the  text.” — School  Board  Chronicle. 

“Business  men  commencing  the  study  of  French  will  find  this  treatise  one  of  the 
best  aids It  is  largely  used  on  the  Continent.’  Alidland  Counties  Herald. 

icOBBETT  (James  Paul):  A LATIN  GRAM- 

MAR.  Fcap.  8vo.  Cloth,  2/- 

:COLERIDGE  (Samuel  Taylor)  ; A DISSERTA- 

TION  ON  THE  SCIENCE  OF  METHOD.  {Encyclopcedia  Metro- 
politana.)  With  a Synopsis.  Crown  8vo.  Cloth,  2/-  Ninth  Edition. 
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CRAIK’S  ENGLISH  LITERATURE. 

A COMPENDIOUS  HISTORY  OF  ENGLISH  LITERATURE  AND 
OF  THE  ENGLISH  LANGUAGE  from  the  Norman  Conquest. 
With  numerous  specimens.  By  George  Lillie  Craik,  LL.D.,  late 
Professor  of  History  and  English  Literature,  Queen’s  College,  Belfast. 
In  two  vols.  Royal  8vo.  Handsomely  bound  in  cloth,  25/-;  full  calf, 
gilt  edges,  37/6.  New  Edition. 

GENERAL  CONTENTS. 

Introductory. 

I. — The  Norman  Period — The  Conquest. 

11. — Second  English — commonly  called  Semi-Saxon. 

III.  — Third  English — Mixed,  or  Compound  English. 

IV.  — Middle  and  Latter  Part  of  the  Seventeenth  Century. 

( V. — The  Century  between  the  English  Revolution  and  the, 
French  Revolution. 

VI. — The  Latter  Part  of  the  Eighteenth  Century. 

VII. — The  Nineteenth  Century:  (a)  The  Last  Age  of  the 

Georges. 

{b)  The  Victorian  Age. 

With  numerous  Excerpts  and  Specimens  of  Style. 

“ Anyone  who  will  take  the  trouble  to  ascertain  the  fact,  will  find  how  completely 
even  our  great  poets  and  other  writers  of  the  last  generation  have  already  faded  from 
the  view  of  the  present  with  the  most  numerous  class  of  the  educated  and  reading 
public.  Scarcelyanything  is  generally  read  except  the  publications  of  the  day.  Yet 
NOTHING  IS  MORE  CERTAIN  THAN  THAT  NO  TRUE  CULTIVATION  CAN  BE  SO  ACQUIRED. 
This  is  the  extreme  case  of  that  entire  ignorance  of  history  which  has  been  affirmed, 

not  with  more  point  than  truth,  to  leave  a person  always  a child 

“The  present  work  combines  the  History  of  the  Literature  with  the  His- 
tory OF  THE  Language.  The  scheme  of  the  course  and  revolutions  of  the  Lan- 
guage which  is  followed  here  is  extremely  simple,  and  resting  not  upon  arbitrary,  but 
u^son  natural  or  real  distinctions,  gives  us  the  only  view  of  tke  subject  that  can  claim 
to  be  regarded  as  of  a scientific  character." — Extract  from  the  A uthor’s  Preface. 

“ Professor  Craik’s  book  going,  as  it  does,  through  the  whole  history  of  the  language, 
probably  takes  a place  quite  by  itself.  The  great  value  of  the  book  is  its  thorough 
comprehensiveness.  It  is  always  clear  and  straightforward,  and  deals  not  in  theories 
but  in  facts,” — Saturday  Review. 

CRAIK  (Prof.):  A MANUAL  OF  ENGLISH 

LITERATURE,  for  the  Use  of  Colleges,  Schools  and  Civil  Service 
Examinations.  Selected  from  the  larger  work,  by  Dr.  Craik.  Crown 
8vo.  Cloth,  7/6.  Seventh  Edition. 

"A  Manual  of  English  Literature  from  s'O’  experienced  and  well-read  a scholar  as 
Professor  Craik  needs  no  other  recommendation- than  the  mention  of  its  existence." — 
Spectator. 

“ This  augmented  effort  will  be,  we  doubt  not,  received  with  decided  approbation 
by  those  who  are  entitled  to  judge,  and  studied  with  much  profit  by  those  who  want  to 

learn If  our  young  readers  will  give  healthy  perusal  to  Dr.  Craik’s  work,  they  ' 

will  greatly  benefit  by  the  wide  and  sound  views  he  has  placed  before  them.”  — 
Aihenceum. 

CRUTTWELL  (Charles  Thomas,  M.A.)  : At 

HANDBOOK  OF  SPECIMENS  OF  LATIN  AUTHORS  (Prose- 
Writers  and  Poets)  from  the  Earliest  Period  to  the  Latest,  chronologi- 
cally arranged.  Crown  8vo.  {In  Preparation). 
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iCRUTTWELL  (Charles  Thomas,  M.A.,  Fellow 

of  Merton  College,  Oxford;  Head  Master  of  Bradfield  College): 

A HISTORY  OF  ROMAN  LITERATURE,  from  the  Earliest 
Period  to  the  Times  of  the  Antonines.  With  Chronological  Tables 
and  Test-Questions,  for  the  Use  of  Students  preparing  for  Examina- 
tions. Crown  8vo.,  Cloth,  8/6.  Second  Edition. 

“ Mr.  Cruttwell  has  done  a real  service  to  all  Students  of  the  Latin  Language 
and  Literature.  . . . Full  of  good  scholarship  and  good  criticism.” — Athenceum. 

“ A most  serviceable — indeed,  indispensable — guide  lor  the  Student.  . . . The 
‘ general  reader’  will  be  both  charmed  and  instructed.”— Review. 

” T he  Author  undertakes  to  make  Latin  Literature  interesting,  and  he  has  suc- 
ceeded. There  is  not  a dull  page  in  the  —Academy. 

“The  great  merit  of  the  work  is  its  fulness  and  accuracy.” — Guardian. 

“ This  elaborate  and  very  careful  work  ...  in  every  respect  of  high  merit. 
Nothing  at. all  equal  to  it  has  hitherto  been  published  in  England.” — British  Quarterly 
Review. 


CURRIE  (Joseph,  formerly  Head  Classical  Master 

of  Glasgow  Academyl : 

HORATII  OPERA.  Text  from  Orellius.  English  Notes,  original, 
and  selected  from  the  best  Commentators.  Illustrations  from  the  an- 
tique. Complete  in  One  Volume,  fcap.  8vo.,  cloth,  5/- 

Or,  in  Two  Parts  : 

Parti.  Carmina  ..  ..  • • 3/- 

Part  II.  Satires  and  Epistles  ..  3/- 

“ The  notes  are  excellent  and  exhaustive.”— QwarfeWy  Journal  of  Education. 

CURRIE  (Joseph)  : EXTRACTS  FROM 

C^EISAR’S  COMMENTARIES;  containing  his  description  of  Gaul, 
Britain  and  Germany.  With  Notes,  Vocabulary,  «S:c.  Adapted  for 
Young  Scholars.  i8mo.  Cloth,  1/6.  Fourth  Edition. 

D’ORSEY  (Rev.  Alex.  J.  D.,  B.D.,  of  Corpus  Christi 

Coll.,  Cambridge,  Lecturer  at  King’s  Coll.,  London)  : 

SPELLING  BY  DICTATION  : Progressive  Exercises  in  English 
Orthography,  for  Schools  and  Civil  Service  Examinations.  i8mo. 
Cloth,  i/-  Fifteenth  Thousand. 

FLEMING  (William,  D.D.,  late  Professor  of 

Moral  Philosophy  in  the  University  of  Glasgow)  : 

THE  VOCABULARY  OF  PHILOSOPHY : Mental,  Moral, 
AND  Metaphysical.  With  Quotations  and  References  for  the  Use  of 
Students.  Revised  and  Edited  by  Henry  Calderwood,  LL.D.,  Pro- 
fessor of  Moral  Philosophy  in  the  University  of  Edinburgh.  Crown 
8vo.  Cloth  bevelled,  10,6.  Third  Edition,  enlarged. 

“ An  admirable  book.  ...  In  its  present  shape  will  be  welcome,  not  only  to 
Students,  but  to  many  who  have  long  since  passed  out  of  the  class  of  Students, 

popularly  so  calle  1.” — Scotsman.  • .u  • 1 • • v 

“The  additions  ly  the  Editor  bear  in  their  clear,  concise,  vigorous  expression  the 
stamp  of  his  powerful  intellect,  and  thorough  command  of  our  language.  More  than 
ever  the  work  is  now  likely  to  have  a prolonged  and  useful  existence,  and  to  facili- 
tate the  researches  of  those  entering  upon  philosophic  Studies.”— lYeeily  Review. 

“ A valuable  addition  to  a Student’s  Lihrvay."-Tablet. 


22 


CHARLES  GRIFFIN  ^ COMPANY'S 


McBURNEY  (Isaiah,  LL.D.)  : EXTRACTS 

FROM  OVID’S  METAMORPHOSES.  With  Notes,  Vocabulary,  &e 
Adapted  for  Young  Scholars.  i8mo.  Cloth,  i/6.  Third  Edition. 

COBDIN'S  MANGNALL  : 

MANGNALL’S  HISTORICAL  AND  MISCEL: 

LANEOUS  QUESTIONS,  for  the  Use  of  Young  People.  By  Richma 
Mangnall.  Greatly  enlarged  and  corrected,  and  continued  to  the  pra 
sent  time.  By  Ingram  Cobbin,  M.A.  i2mo.  Cloth  4/-  Forty-eightv 
Thousand.  New  Illustrated  Edition. 

MENTAL  SCIENCE:  SAMUEL  TAYLOI 

COLERIDGE’S  CELEBRATED  ESSAY  ON  METHOD;  Arch 
bishop  Whately’s  Treatises  on  Logic  and  Rhetoric.  Crown  8vo 
Cloth,  5/-  Tenth  Edition. 


WORKS  BY  WILLIAM  RAMSAY,  M.A.J 

Trinity  College,  Cambridge,  late  Professor  of  Humanity  in  the  University  of  Glasgow. 

A MANUAL  OF  ROMAN  ANTIQUITIES 

For  the  use  of  Advanced  Students.  With  Map,  130  Engravings; 
and  very  copious  Index.  Revised  and  enlarged,  with  an  additionar 
Chapter  on  Roman  Agriculture.  Crown  8vo.  Cloth,  8/6.  Tenth  Edii 
tion, 

GENERAL  CONTENTS. 

I.  — The  Typography  of  Rome. 

II.  — The  Origin  of  the  Roman  People ; their  Political  and  Soda, 

Organization  ; Religion  ; Kalendar  ; and  Private  Life. 

III.  — General  Principles  of  the  Roman  Constitution;  the  Rights  o 
Different  Classes;  the  Roman  Law  and  Administration  of  Justice 

IV.  — TheComitia;  Magistrates;  the  Senate. 

V.  — Military  and  Naval  Affairs;  Revenues;  Weights  and  Measures: 

Coins,  &c. 

VI.  — Public  Lands ; Agrarian  Laws ; Agriculture,  &c. 

" Comprises  all  the  results  of  modern  improved  scholarship  within  a moderata 
compass.” — A thcncexim. 

RAMSAY  (Prof.)  : AN  ELEMENTARY 

MANUAL  OF  ROMAN  ANTIQUITIES.  Adapted  for  Junioi. 
Classes.  With  numerous  Illustrations.  Crown  8vo.  Cloth,  4/-  Sixth 
Edition. 

RAMSAY  (Prof.):  A MANUAL  OF  LATIN 

PROSODY.  Illustrated  by  Copious  Examples  and  Critical  Remarks.i 
For  the  use  of  Advanced  Students.  Revised  and  greatly  enlarged.: 
Crown  8vo.  Cloth,  5/-  Sixth  Edition. 

“ There  is  no  other  work  on  the  subject  worthy  to  compete  with  it.” — Athcnaum. 

RAMSAY  (Prof.)  : AN  ELEMENTARY 

MANUAL  OF  LATIN  PROSODY.  Adapted  for  Junior  Classes.! 
Crown  8vo.  Cloth,  2/- 


EDUCATIONAL  PUBLICATIONS. 


23 


THE  SCHOOL  BOARD  READERS: 

A New  Series  of  Standard  Reading  Books. 
Edited  by  a former  H.M.  INSPECTOR  of  SCHOOLS. 
Recommended  by  the  London  School  Board. 

And  adopted  by  many  School  Boards  throughout  the  Country. 
AGGREGATE  SALE,  igO,000  COPIES. 


Elementary  Reading  Book,  Part  I. — Containing  Lessons  s.  d. 
in  all  the  Short  Vowel  Sounds.  Demy  i8mo.,  16  pages. 

In  stiff  wrapper 01 

Elementary  Reading  Book,  Part  II. — Containing  the 
Long  Vowel  Sounds  and  other  Monosyllables.  Demy 

i8mo,  48  pages.  In  stiff  wrapper 02 

Standard  I. — Containing  Reading,  Dictation,  and  Arith- 
metic. Demy  i8mo,  96  pages.  Neat  cloth  . . .04 

Standard  II. — Containing  Reading,  Dictation  and  Arith- 
metic. Demy  i8mo,  128  pages.  Neat  cloth  . .06 

Standard  III. — Containing  Reading,  Dictation  and  Arith- 
metic. Fcap.  8vo,  160  pages.  Neat  cloth  . . . o g 

Standard  IV. — Containing  Reading,  Dictation  and  Arith- 
metic. Fcap.  8vo,  192  pages.  Neat  cloth  . . .10 

Standard  V. — Containing  Reading,  Dictation  and  Arith- 
metic, with  an  Explanation  of  the  Metric  System  and 
numerous  Examples.  Crown  8vo,  256  pages.  Neat 

cloth 16 

Standard  VI. — Containing  Selections  from  the  best  English 
Authors,  chronologically  arranged  (Chaucer  to  Ten- 
nyson), Hints  on  Composition,  and  Lessons  on  Scien- 
tific Subjects.  Crown  8vo,  320  pages.  Neat  cloth  . 2 o 

Key  to  the  Questions  in  Arithmetic,  in  two  parts,  each  o 6 

“The  general  conception  is  sound,  and  the  execution  praiseworthy.  The  selections 

seem,  on  the  whole,  happily  and  judiciously  made In  the  sixth  and  last  volume 

we  have  an  excellent  chronological  selection  from  our  English  classics ...By  the 

time  the  scholar  has  mastered  the  Series,  he  ought  to  have  a fairly  suggestive  know- 
ledge of  English  literature.  The  treatise  on  compositiori  is  brief,  but  satisfactory; 
and  the  books  generally  are  very  much  what  we  should  desire." — Times. 

“ The  Series  is  decidedly  one  of  the  best  that  have  yet  appeared.” — Athenaum. 

“ There  are  no  better  reading-books  published.  The  advanced  books  are  gems. 
The  Series  reflects  great  credit  on  both  editor  and  publisher.” — Educational  Reporter . 

“ The  Series  has  been  very  carefully  and  judiciously  prepared.”—  Examiner. 

“ The  choice  of  matter  is  excellent,  and  so  are  the  method  and  style.  We  begin 
with  wholesome  stories,  poems,  and  lessons  on  natural  history,  brightened  with  wood- 
cuts;  and  we  go  on  to  matters  of  general  information  and  useful  knowledge  in  a very 
attractive  shape,  till  we  arrive  at  a point  which  ought  to  turn  the  pupil  out  into  the 
world  a good  reader,  a lover  of  good  reading,  and  an  intelligent  member  of  society.” — 
School  Board  Chronicle.  . 

, %*  Each  book  of  this  Series  contains  within  itself  all  that  is  necessary  to 

'fulfil  the  requirements  of  the  Revised  Code,  viz.:  Reading,  Spelling  and 
.Dictation  Lessens,  together  with  Exercises  in  Arithmetic,  for  the  whole 
year.  The  paper,  type  and  binding  are  all  that  can  be  desired. 
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THE  SCHOOL  BOARD  MANUALS 


(On  the  Specific  Subjects  of  the  Revised  Code). 


By  a former  H.M.  INSPECTOR  OF  SCHOOLS.  \ 

Editor  of  the  “ School  Board  Readers.”  | 

Recommended  by  the  London  School  Board,  and  used  in  man  | 
Schools  throughout  the  Country. 


Price  6d.  each  in  stiff  wrapper ; cloth  neat.  •jd. 

I.  ALGEBRA. — In  this  book,  which  is  adapted  to  Standards  IV  [ ) 
V.  and  VI.,  everything  is  explained  (in  accordance  with  th 
Pestalozzian  system)  upon  Jirst  principles,  and  the  example! 
are,  as  far  as  possible,  taken  from  concrete  numbers.  Abun 
dance  of  examples  are  given,  graduated  by  easy  stages.  | 

II.  ENGLISH  HISTORY.— This  book  is  exactly  suited  to  th 
requirements  of  the  Code  for  Standards  IV.,  V.  and  VI.  th 
chief  events  of  importance  being  given  in  detail,  and  the  genera  | 
landmarks  of  history  in  brief.  Copious  Tables  are  added.  I 

III.  GEOGRAPHY. — Contains  all  that  is  necessary  for  passing  i{ 
Standards  IV.,  V.  and  VI. 

IV.  PHYSICAL  GEOGRAPHY.— Contents:  Figure  of  the  Eart 
— Mountain  Systems — Ocean  Currents — Atmospheric  Phe' 
nomena — Trade  Winds — Distribution  of  Plants,  Animals,  an 
Races  of  Men,  &c. 

V.  ANIMAL  PHYSIOLOGY. — Contents:  Classification  of  Ani 
mals — the  Human  Skeleton — Bones,  Muscles,  Skin,  Hair,  ant 
Nails — Digestion,  Circulation,  Respiration,  Secretion,  and  Nu 
trition — the  Nervous  System — the  Senses.  Illustrated  by  gooi 
Engravings. 

VI.  BIBLE  HISTORY. — Contents:  Names,  Divisions,  and  His! 
tory  of  the  Bible — Analysis  of  the  Old  and  New  Testaments— 
Geography  of  Palestine — Tables  of  Measures,  &c. 

It  is  hoped  that  this  boo’k  will  prove  serviceable  in  th. 
study  of  the  Scriptures.  All  controversial  points  have  been  care 
fully  avoided. 

“These  simple  and  well-graduated  Manuals,  adapted  to  the  requirements  of  thi 
New  Code,  are  the  most  elementary  of  elementary  works,  and  extremely  cheap. .... 
They  are  more  useful,  as  practical  guide-books,  than  most  of  the  more  expensivu 
works.” — Standard. 

“The  Series  will  prove  a very  reliable  and  substantial  aid  to  the  teacher.  ■ . 

The  whole  of  the  Manuals  bear  plain  evidence  of  having  been  prepared  by  those, 
thoroughly  conversant  practically  with  the  work  of  teaching,  and  of  having  been  re- 
vised by  one  able  to  judge  of  the  effect  of  book-teaching  by  the  crucial  test  ot  its 
results.  In  the  Bible  History  Manual  all  controversial  points  have  been  avoided^ 
and,  as  a ground-work  and  help  to  the  study  of  the  Scriptures,  it  is  to  be  warmlyi 
commended.” — Western  Daily  Mercury. 


* * 
* 


Specimen  copies  supplied  to  Teachers  at  Half  the  Published  Price  anc» 
Postage.  A Complete  Set  of  Readers  and  Manuals  on  receipt  of  P.0.0, 
for  6s.  id. 
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1 SENIOR  (Nassau  William,  M.A.,  late  Professor 

of  Political  Economy  in  the  University  of  Oxford) : 

A TREATISE  ON  POLITICAL  ECONOMY;  the  Science  which 
treats  of  the  Nature,  the  Production,  and  the  Distribution  of  Wealth. 
Crown  8vo.  Cloth,  4/-  Sixth  Edition.  {Encyclopcedia  Metropolitana) 


ITHOMSON  (James)  ; THE  SEASONS.  With 

an  Introduction  and  Notes  by  Robert  Bell,  Editor  of  the  “Annotated 
Series  of  British  Poets.”  Foolscap  8vo.  Cloth,  1/6.  Third  Edition. 

“An  admirable  introduction  to  the  study  of  our  English  classics.” 

WHATELY  (Archbishop)  : A TREATISE  ON 

LOGIC.  With  Synopsis  and  Index.  Crown  8vo.  Cloth,  3/-  The 
Original  Edition.  {Encyclopedia  Metropolitana). 

WHATELY  (Archbishop):  A TREATISE  ON 

RHETORIC.  With  Synopsis  and  Index.  Crown  8vo.  Cloth,  3/6. 
The  Original  Edition.  {Encyclopedia  Metropolitana). 

WYLDE  (James):  A MANUAL  OF  MATHE- 

MATICS,  Pure  and  Applied.  Including  Arithmetic,  Algebra,  Geo- 
metry, Trigonometry  (Plane  and  Spherical),  Logarithms,  Mensuration, 
&c.  Super-royal  8vo.  Cloth,  10/6. 


Specimen  Copies  of  all  the  Educational  Works  published  by  Messrs. 
Charles  Griffin  and  Company  may  be  seen  at  the  Libraries  of  the 
College  of  Preceptors,  South  Kensington  Musemn,  and  Crystal  Palace  ; 
also  at  the  depots  of  the  chief  Educational  Societies. 
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Works  in  General  Literature. 


BELL  (Robert,  Editor  of  the  ‘‘Annotated  Series  of 

British  Poets.”)  : 

GOLDEN  LEAVES  FROM  THE  WORKS  OF  THE  POETS 
AND  PAINTERS.  Illustrated  by  Sixty-four  superb  Engravings  on 
Steel,  after  Paintings  by  David  Roberts,  Stanfield,  Leslie,  Stot- 
HAKD,  Haydon,  Cattermole,  Nasmyth,  Sir  Thomas  Lawrence,  and 
many  others,  and  engraved  in  the  first  style  of  Art  by  Findkn,  Great- 
bach,  Lightfoot,  &c.  4to.  Cloth  gilt,  21/-  ; unique  walnut  binding, 
30/- ; morocco  antique,  35/-  Second  Edition. 

Golden  Leaves’  is  by  far  the  most  important  book  of  the  season.  The  illustra- 
tions are  really  works  of  art,  and  the  volume  does  credit  to  the  arts  of  England.” — 
Saturday  Review. 

“ The  Poems  are  selected  with  taste  and  judgment.” — Times. 

‘‘The  engravings  are  from  drawings  by  Stothard,  Newton,  Danby,  Leslie,  and 
Turner,  and  it  is  needless  to  say  how  charming  are  many  of  the  above  here  given.” — 
Athenaum. 

CHRISTISON  (John):  A COMPLETE  SYS- 
TEM OF  INTEREST  TABLES  at  3,  4,  4^  and  5 per  Cent. ; Tables 
of  Exchange  or  Commission,  Piofit  and  Loss,  Discount,  Clothiers’, 
Malt,  Spirit  and  various  other  useful  Tables.  To  which  is  prefixed  the 
Mercantile  Ready  Reckoner,  containing  Reckoning  Tables  from  one 
thirty-second  part  of  a penny  to  one  pound.  Greatly  enlarged.  i2mo. 
Bound  in  leather,  4/6.  New  Edition. 


THE  WORKS  OF  WILLIAM  COBBETT. 

THE  ONLY  AUTHORIZED  EDITIONS. 

COBBETT  (William):  ADVICE  TO  YOUNG, 

MEN  and  (incidentally)  to  Young  Women,  in  the  Middle  and  Higher 
Ranks  of  Life.  In  a series  of  Letters  addressed  to  a Youth,  a Bachelor, 
a Lover,  a Husband,  a Father,  a Citizen,  and  a Subject.  Fcap.  8vo. 
Cloth,  2/6.  New  Edition.  With  admirable  Portrait  on  Steel. 

“ Cobbett’s  great  qualities  were  immense  vigour,  resource,  energy,  and  courage, 
joined  to  a force  of  understanding,  a degree  of  logical  power,  and  above  ail  a force  of 

expression,  which  have  rarely  been  equalled He  was  the  most  English  of 

Englishmen.” — Saturday  Review. 

“ With  all  its  faults,  Cobbett’s  style  is  a continual  refreshment  to  the  lover  of 
‘ English  undefiled.’” — Pall  Mall  Gazette. 

COBBETT  (William);  COTTAGE  ECONOMY. 

Containing  information  relative  to  the  Brewing  of  Beer,  Making  of 
Bread,  Keeping  of  Cows,  Pigs,  Bees,  Poultry,  &c.;  and  relative  to  other 
matters  deemed  useful  in  conducting  the  affairs  of  a Poor  Man’s  Family. 
New  Edition,  Revised  by  the  Author’s  Son.  Fcap.  8vo.  Cloth,  2/6. 
Eighteenth  Edition. 
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William  Cobbett’s  Works — {continued). 

I COBBETT  (Wm.)  : EDUCATIONAL  WORKS. 

I (See  page  19). 

I 

COBBETT  (Wm):  A LEGACY  to  LABOURERS; 

An  Argument  showing  the  Right  of  the  Poor  to  Relief  from  the  Land. 

! With  a Preface  by  the  Author’s  Son,  John  M.  Cobbett,  late  M.P 
' for  Oldham.  Reap.  8vo.  Cloth,  1/6.  New  Edition. 

I “ The  book  cannot  be  too  much  studied  just  now.” — Nonconformist. 

I “ Cobbett  was,  perhaps,  the  ablest  Political  writer  England  ever  produced,  and  his 

influence  as  a Liberal  thinker  is  felt  to  this  day It  is  a real  treat  to  read  his 

strong,  racy  language.” — Public  Opinion. 

\ COBBETT  (Wm.)  : A LEGACY  to  PARSONS  ; 

Or,  Have  the  Clergy  of  the  Established  Church  an  Equitable  Right  to 
I Tithes  and  Church  Property  ? Fcap.  8vo.  Cloth,  1/6.  New  Edition. 

“ The  most  powerful  work  of  the  greatest  master  of  political  controversy  this 
I country  has  ever  produced.” — Pall  Mall  Gazette. 

I 

1 


icOBBETT  (Miss  Anne):  THE  ENGLISH 

HOUSEKEEPER;  Or,  Manual  of  Domestic  Management.  Containing 
Advice  on  the  Conduct  of  Household  Affairs,  and  Practical  Instructions, 

^ intended  for  the  Use  of  Young  Ladies  who  undertake  the  superin- 

' tendence  of  their  own  Housekeeping.  Fcap.  8vo.  Cloth,  3/6. 

jCOOK’S  VOYAGES.  VOYAGES  ROUND 

j THE  WORLD,  by  Captain  Cook.  Illustrated  with  Maps  and  numer- 
' ous  Engravings.  Two  vols.  Super-royal  8vo.  Cloth,  30/- 

IdALGAIRNS  (Mrs.):  THE  PRACTICE  OF 

COOKERY,  adapted  to  the  business  of  Every-day  Life.  By  Mrs. 
Dalgairns.  The  best  book  for  Scotch  dishes.  About  Fifty  new  Recipes 
' have  been  added  to  the  present  Edition,  but  only  such  as  the  Author 
has  had  adequate  means  of  ascertaining  to  be  valuable.  Fcap.  8vo. 
Cloth,  3/6.  Sixteenth  Edition. 

“ This  is  by  far  the  most  complete  and  truly  practical  work  which  has  yet  appeared 
on  the  subject.  It  will  be  found  an  infallible  ‘ Cook's  Companion,’  and  a treasure  of 
great  price  to  the  mistress  of  a {aiinily.”— Edinburgh  Literary  Journal. 

“ We  consider  we  have  reason  strongly  to  recommend  Mrs.  Dalgairns’  as  an 
economical,  useful,  and  practical  system  of  cookery,  adapted  to  the  wants  of  all 
families,  from  the  tradesman  to  the  country  gentlem&n.''— Spectator. 


i 
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D’AUBIGNE  (Dr.  Merle)  : HISTORY  OF  THE 

REFORMATION.  With  the  Author’s  latest  additions  and  a new 
Preface.  Many  Woodcuts,  and  Twelve  Engravings  on  Steel,  illustrative 
of  the  Life  of  Martin  Luther,  after  Labouchere.  In  one  large 
volume,  demy  4to.  Elegantly  bound  in  cloth,  21/- 

“ In  this  edition  the  principal  actors  and  scenes  in  the  great  drama  of  the  Sixteenth 
Century  are  brought  vividly  before  the  eye  of  the  reader,  by  the  skill  of  the  artist  and 
engraver." 

DONALDSON  (Joseph,  Sergeant  in  the  94th  Scots 

Regiment) : 

RECOLLECTIONS  OF  THE  EVENTFUL  LIFE  OF  A 
SOLDIER  IN  THE  PENINSULA.  Fcap.  8vo.  Cloth,  3/6 ; gilt 
sides  and  edges,  .4/-  New  Edition. 

EARTH  DELINEATED  WITH  PEN  AND 

PENCIL  (The):  an  Illustrated  Record  of  Voyages,  Travels,  and  Ad- 
ventures all  round  the  World.  Illustrated  with  more  than  Two  Hun-- 
dred  Engravings  in  the  first  style  of  Art,  by  the  most  eminent  Artists^t  I 
including  several  from  the  master  pencil  of  Gustave  Dore.  Demy.  ' 
4to,  750  pages.  Very  handsomely  bound,  21/- 


MRS.  ELLIS’S  CELEBRATED  WORKS 

On  the  Influence  and  Character  of  Women. 

THE  ENGLISHWOMAN’S  LIBRARY: 

A Series  of  Moral  and  Descriptive  Works.  By  Mrs.  Ellis.  Small 
8vo.,  cloth,  each  volume,  2/6  ; with  gilt  backs  and  edges,  3/- 

1. — THE  WOMEN  OF  ENGLAND:  Their  Social  Duties  and 

Domestic  Habits.  Thirty -ninth  Thousand. 

2. — THE  DAUGHTERS  OF  ENGLAND  : Their  Position  in 

Society,  Character,  and  Responsibilities.  Twentieth  Thousand. 

3. — THE  WIVES  OF  ENGLAND : Their  Relative  Duties, 1 

Domestic  Influence,  and  Social  Obligations.  Eighteenth  Thou- 
sand. 

4. — THE  MOTHERS  OF  ENGLAND:  Their  Influence  and  Re- 

sponsibilities. Twentieth  Thousand. 

5.  — FAMILY  SECRETS;  Or,  Hints  to  make  Home  Happy.  Threej 

vols.  Twenty-third  Thousand. 

6. — SUMMER  AND  WINTER  IN  THE  PYRENEES.  Tenth 

Thousand. 

7. — TEMPER  AND  TEMPERAMENT;  Or,  Varieties  ofi 

Character.  Two  vols.  Tenth  Thousand. 

8. — PREVENTION  BETTER  THAN  CURE;  Or,  The  Moral 

Wants  of  the  World  we  live  in.  Twelfth  Thousand. 

9. — HEARTS  AND  HOMES;  Or,  Social  Distinctions.  Three; 

vols.  Tenth  Thousand. 
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THE  EMERALD  SERIES  OF 
STANDARD  AUTHORS. 

Illustrated  by  Engravings  on  Steel,  after  Stothard,  Leslie,  David  Ro- 
berts, Stanfield,  Sir  Thomas  Lawrence,  Cattermole,  &c.  Fcap. 
8vo.  Cloth  gilt. 

•,*  Particular  attention  is  requested  to  this  very  beautiful  series.  The  delicacy  of 
the  engravings,  the  excellence  of  the  typography,  and  the  quaint  antique  head  and  tail- 
pieces, render  them  the  most  beautiful  volumes  ever  issued  from  the  press  of  this  country 
ind  now,  unquestionably,  the  cheapest  of  their  class. 

BURNS’  (Robert)  SONGS  AND  BALLADS. 

With  an  Introduction  on  the  Character  and  Genius  of  Burns.  By 
Thomas  Carlyle.  Carefully  printed  in  antique  type,  and  illustrated 
with  Portrait  and  beautiful  Engravings  on  Steel.  Cloth,  gilt  edges,  3/- 
malachite,  10/6.  Second  Thousand. 

[BYRON  (Lord):  CHILDE  HAROLD’S  PIL- 

! GRIMAGE.  With  Memoir  by  Professor  Spalding.  Illustrated  with 
Portrait  and  Engravings  on  Steel  by  Greatbach,  Miller,  Lightfoot, 

I &c.,  from  Paintings  by  Cattermole,  Sir  T.  Lawrence,  H.  Howard, 

I and  Stothard.  Beautifully  printed  on  toned  paper.  Cloth,  gilt  edges, 

I 3/- ; malachite,  10/6.  Third  Thousand. 

ibAMPBELL  (Thomas)  : THE  PLEASURES 

( OF  HOPE.  With  Introductory  Memoir  by  the  Rev.  Charles  Rogers, 
5 LL.D.,  and  several  Poemc  never  before  published.  Illustrated  with 
I Portrait  and  Steel  Engravings.  Cloth,  gilt  edges,  3/- ; malachite,  10/6. 
'<(  Second  Thousand. 

iCHATTERTON’S  (Thos.)  POETICAL  WORKS. 

^ With  an  Original  Memoir  by  Frederick  Martin,  and  Portrait.  Beau- 
li  tifully  illustrated  on  Steel,  and  elegantly  printed.  Cloth,  gilt  edges, 
\ 3/-;  malachite,  10/6.  Fourth  Thotcsand. 

GOLDSMITH’S  (Oliver;  POETICAL  WORKS. 

t With  Memoir  by  Professor  Spalding.  Exquisitely  illustrated  with 
J Steel  Engravings.  Printed  on  superior  toned  paper.  Cloth,  gilt  edges, 
1 3/-;  malachite,  10/6.  New  Editioji.  Seventh  Thousand. 

GRAY’S  (Thomas)  POETICAL  WORKS.  With 

' I Life  by  the  Rev.  John  Mitford,  and  Essay  by  the  Earl  of  Carlisle. 

With  Portrait  and  numerous  Engravings  on  Steel  and  Wood.  Ele- 
L gantly  printed  on  toned  paper.  Cloth,  gilt  edges,  5/-;  malachite,  12/6. 
Eton  Edition,  with  the  Latin  Poems.  Lifth  Thousand. 

lIlERBERT’S  (George)  POETICAL  WORKS. 

I With  Memoir  by  J.  Nichol,  B.A.,  Oxon.,  Prof,  of  English  Literature  in 
the  University  of  Glasgow.  Edited  by  Charles  Cowden  Clarke. 
ii  I Antique  headings  to  each  page.  Cloth,  gilt  edges,  3/-  malachite,  10/6. 
j Second  Thousand. 
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The  Emerald  Series — {continued). 

KEBLE  (Rev.  John):  THE  CHRISTIAN  YEAR. 

With  Memoir  by  W.  Temple,  Portrait,  and  Eight  beautiful  Engravings 
on  Steel.  Cloth,  gilt  edges,  5/-;  morocco  elegant,  10/6;  malachite,  12/6. 

POE’S  (Edgar  Allan)  COMPLETE  POETICAL. 

WORKS.  Edited,  with  Memoir,  by  James  Hannay.  Full-page  Illus- 
trations after  Wehnert,  Weir,  &c.  Toned  paper.  Cloth,  gilt  edges, 
3/-;  malachite,  10/6.  Thirteenth  Thousand. 

Other  Volumes  in  preparation. 


FINDEN’S  FINE  ART  WORKS. 

BEAUTIES  OF  MOORE  ; being  a Series  of 

Portraits  of  his  principal  Female  Characters,  from  Paintings  by  eminent 
Artists,  engraved  in  the  highest  style  of  Art  by  Edward  Finden, 
with  a Memoir  of  the  Poet,  and  descriptive  letter-press.  Folio.  Cloth 
gilt,  and  gilt  edges,  42/- 

DRAWING-ROOM  TABLE  BOOK  (The)  ; a: 

Series  of  31  highly-finished  Steel  Engravings,  with  descriptive  Tales  by 
Mrs.  S.  C.  Hall,  Mary  Howitt,  and  others.  Folio.  Cloth  gilt,  and| 
gilt  edges,  21/- 

gallery  of  modern  art  (The)  ; a Series 

of  31  highly-finished  Steel  Engravings,  with  descriptive  Tales  by  Mrs. 
S.  C.  Hall,  Mary  Howitt,  and  others.  Folio.  Cloth  gilt,  and  gilt 
edges,  21/- 


FISHER’S  READY  RECKONER.  The  best  in 

the  world.  i8mo.  Bound,  1/6.  New  Edition.^ 

GILMER’S  INTEREST  TABLES:  Tables  for 

Calculation  of  Interest,  on  any  sum,  for  any  number  of  days,  at  i,  i,  li, 
2,  2.i,  3,  3i,  4,  4i,  5 and  6 per  Cent.  By  Robert  Gilmer.  Correctedf 
and  enlarged.  i2mo.  Roan  lettered,  5/-  Sixth  Editioti. 

GOLDSMITH’S  (Oliver)  COMPLETE  POET- 

ICAL  WORKS.  With  a Memoir  by  William  Spalding,  A.M.,  Pro- 
fessor of  Logic  and  Rhetoric  in  the  University  of  St.  Andrew’s.  Portrait 
and  numerous  Illustrations  on  Steel  and  Wood.  Fcap.  4to.  Most 
elaborately  gilt,  cloth,  5/- 
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GRAEME  (Elliott)  : BEETHOVEN  ; a Memoir. 

With  Portrait,  Essay  (Quasi  Fantasia)  “on  the  Hundredth  Anniversary 
of  his  Birth,”  and  Remarks  on  the  Pianoforte  Sonatas,  with  hints  to 
Students.  By  Dr.  Ferdinand  Hiller,  of  Cologne.  Crown  8vo.  Cloth 
gilt,  elegant,  5/-  Second  Edition,  slightly  enlarged. 

“ This  elegant  and  interesting  Memoir The  newest,  prettiest,  and  most 

readable  sketch  of  the  immortal  Master  of  Music.” — Musical  Standard. 

“ A gracious  and  pleasant  Memorial  of  the  Centenary.” — Spectator. 

" This  delightful  little  book — concise,  sympathetic,  judicious.” — Manchester 
Examiner. 

“ We  can,  without  reservation,  recommend  it  as  the  most  trustworthy  and  the 
pleasantest  Memoir  of  Beethoven  published  in  England.” — Observer. 

“ A most  readable  volume,  which  ought  to  find  a place  in  the  library  of  every 

i admirer  of  the  great  Tone-Poet.” — Edinburgh  Daily  Review. 

GRAEME  (Elliott)  : A NOVEL  WITH  TWO 

HEROES,  In  2 vols.,  post  8vo.  Cloth,  21/-  Second  Edition. 

“ A decided  literary  success.” — Athencenm. 

' “ Clever  and  amusing above  the  average  even  of  good  novels free 

from  sensationalism,  but  full  of  interest touches  the  deeper  chords  of  life 

delineation  of  character  remarkably  good.” — Spectator. 

“ Superior  in  all  respects  to  the  common  run  of  novels.” — Daily  News. 

“ A story  of  deep  interest The  dramatic  scenes  are  powerful  almost,  to 

painfulness  in  their  intensity.” — Scotsman. 

'iHOGARTH  : The  Works  of  William  Hogarth,  in 

I a Series  of  One  Hundred  and  Fifty  Steel  Engravings  by  the  First 

I Artists,  with  Descriptive  Letterpress  by  the  Rev.  John  Trusler,  and 

Introductory  Essay  on  the  Genius  of  Hogarth,  by  James  Hannay. 
Folio.  Cloth,  gilt  edges,  52/6, 

“ The  Philosopher  who  ever  preached  the  sturdy  English  virtues  which  have  made 
us  what  we  are.” 


KNIGHT  (Charles)  : PICTORIAL  GALLERY 

(The)  OF  THE  USEFUL  AND  FINE  ARTS.  Illustrated  by  nu- 
merous  beautiful  Steel  Engravings,  and  nearly  Four  Thousand  Wood- 
cuts.  Two  vols.,  folio.  Cloth  gilt,  and  gilt  edges,  42/- 


KNIGHT  (Charles)  : PICTORIAL  MUSEUM 

(The)  OF  ANIMATED  NATURE.  Illustrated  with  Four  Thousand 
Woodcuts,  Two  vols.,  folio.  Cloth  gilt,  and  gilt  edges,  35/- 


MACKEY’S  FREEMASONRY  : 


a 


A LEXICON  OF  FREEMASONRY.  Containing  a Definition  of 
its  Communicable  Terms,  Notices  of  its  History,  Traditions,  and  Anti- 
quities, and  an  Account  of  all  the  Rites  and  Mysteries  of  the  Ancient 
World.  By  Albert  G,  Mackey,  M.D.,  Secretary-General  of  the 
Supreme  Council  of  the  U.S.,  &c.  Handsomely  bound  in  cloth,  5/. 
Sixth  Edition. 

“Of  Mackey’s  Lexicon  it  would  be  impossible  to  speak  in  too  high  terms  ; suffice 
it  to  say,  that  in  our  opinion,  it  ought  to  be  in  the  hands  of  every  Mason  who  would 

thoroughly  understand  and  master  our  noble  Science No  Masonic  Lodge  or 

Library  should  be  without  a copy  of  this  most  useful  work."— Masonic  News. 
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HENRY  MAYHEW’S  CELEBRATED  WORK  ON 
THE  STREET-FOLK  OF  LONDON. 

LONDON  LABOUR  AND  THE  LONDON 

POOR  : A Cyclopaedia  of  the  Condition  and  Earnings  of  those  that 
will  work  and  those  that  cannot  work.  By  Henry  Mayhew.  With 
many  full-page  Illustrations  from  Photographs.  In  three  vols.  Demy  8vo. 
Cloth,  4/6  each. 

“ Every  page  of  the  work  is  full  of  valuable  information,  laid  down  in  so  interesting 
a manner  that  the  reader  can  never  tire.” — Illustrated  News. 

“ Mr.  Henry  Mayhew’s  famous  record  of  the  habits,  earnings,  and  sufferings  of 
the  London  poor.” — Lloyd's  Weekly  London  Newspaper. 

“ This  remarkable  book,  in  which  Mr.  Mayhew  gave  the  better  classes  their  first 
real  insight  into  the  habits,  modes  of  livelihood,  and  current  of  thought  of  the  London 
poor.” — The  Patriot. 

The  Extra  Volume. 

LONDON  LABOUR  AND  THE  LONDON 

POOR  ; Those  that  will  not  work.  Comprising  the  Non-workers, 
by  Henry  Mayhew;  Prostitutes,  by  Bracebridge  Hemyng  ; 
Thieves,  by  John  Binny  ; Beggars,  by  Andrew  Halliday.  With 
an  Introductory  Essay  on  the  Agencies  at  Present  in  Operation 
in  the  Metropolis  for  the  Suppression  of  Crime  and  Vice,  by  the  Rev.' 
William  Tuckniss,  B.A.,  Chaplain  to  the  Society  for  the  Rescue  of; 
Young  Women  and  Children.  With  Illustrations  of  Scenes  and  Locali-. 
ties.  In  one  large  vol.  Royal  8vo.  Cloth  10/6. 

“ The  work  is  full  of  interesting  matter  for  the  casual  reader,  while  the  philan- 
thropist and  the  philosopher  will  find  details  of  the  greatest  import.” — City  Press. 

Companion  Volume  to  the  above. 

THE  CRIMINAL  PRISONS  OF  LONDON,  and 

Scenes  of  Prison  Life.  By  Henry  Mayhew  and  John  Binny.  Illus- 
trated by  nearly  two  hundred  Engravings  on  Wood,  principally  from 
Photographs.  In  one  large  vol.  Imperial  8vo.  Cloth,  10/6. 

Contents  : — General  View  of  London,  its  Population,  Size  and 
Contrasts — Professional  London — Criminal  London — Pentonville  Prison 
— The  Hulks  at  Woolwich — Millbank  Prison — T!  e Middlesex  House  of 
Detention — Coldbath  Fields—  The  Middlesex  House  of  Correction,  Tot- 
hill  Fields — The  Surrey  House  of  Correction,  Wandsworth — Newgate 
— Horsemonger  Lane — Clerkenwell. 

“ This  volume  concludes  Mr.  Henry  Mayhew’s  account  of  his  researches  into  thei 
crime  and  poverty  of  London.  The  amount  of  labour  of  one  kind  or  other, 
which  the  whole  series  of  his  publications  represents,  is  something  almost  in- 
calculable.”— Literary  Budget. 

This  celebrated  Record  of  Investigations  into  the  condition  of  the  Poor  of  the 
Metropolis,  undertaken  from  philanthropic  motives  by  Mr.  Henky  Mayhew,  first  gave 
the  wealthier  classes  of  England  some  idea  of  the  state  of  Heathenism,  Degradation,  and 
Misery,  in  which  multitudes  of  their  poorer  brethren  languishtd.  His  revelations  created, 
at  the  time  of  their  appearance,  universal  horror  and  excitement — that  a nation,  profes- 
sedly Christian,  should  have  in  its  midst  a vast  population,  so  sunk  in  ignorance,  vice,  and 
very  hatred  of  Religion,  was  deemed  incredible,  until  further  examination  established  the 
truth  of  the  statements  advanced.  The  result  is  well  known.  The  London  of  Mr.  Mayhew 
will,  happily,  soon  exist  only  in  his  pages.  To  those  who  woulu  appreciate  the  efforts 
already  made  among  the  ranks  which  recruit  our  "dangerous”  classes,  and  who  would 
learn  what  yet  remains  to  be  done,  the  work  will  afford  enlightenment, not  unmingled  with 
surprise. 
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MILLER  (Thomas,  Author  of  “ Pleasures  of  a 

Country  Life,”  &c.) : 

THE  LANGUAGE  OF  FLOWERS.  With  Eight  beautifully-col- 
oured Floral  Plates.  Fcap.  8vo.  Cloth,  gilt  edges,  3/6.  Fourteenth 
Thousand. 

“ A book 

In  which  thou  wilt  find  many  a lovely  saying 
About  the  leaves  and  flowers." — K£AT:S. 


I MILLER  (Thomas)  : THE  LANGUAGE  OF 

FLOWERS.  Abridged  from  the  larger  work  by  Thomas  Miller. 
I With  Coloured  Frontispiece.  Limp  cloth,  6d.  Cheap  Edition. 


I POE’S  (Edgar  Allan)  COMPLETE  POETICAL 

i WORKS.  Edited,  with  Memoir,  by  James  Hannay.  Full-page  illus- 
trations after  Wehnert,  Weir,  and  others.  In  paper  wrapper, 
■ Illustrated,  1/6. 


SHAKSPEARE  : THE  FAMILY.  The  Dramatic 

Works  of  WILLIAM  SHAKSPEARE,  edited  and  expressly  adapted 
for  Home  and  School  Use.  By  Thomas  Bowdler,  F.R.S.  With 
Twelve  beautiful  Illustrations  on  Steel.  Crown  8vo.  Cloth  gilt,  10/6  ; 
Morocco  antique,  17/6.  New  Edition. 

This  unique  Edition  of  the  great  dramatist  is  admirably  suited  for 
home  use  ; while  objectionable  phrases  have  been  expurgated,  no  rash 
liberties  have  been  taken  with  the  text. 


! 

II 

t 
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“It  is  quite  undeniable  that  there  are  many  passages  in  Shakspeare  which  a 
father  could  not  read  aloud  to  his  children — a brother  to  his  sister — or  a gentleman  to 
a lady;  and  every  one  almost  must  have  felt  or  witnessed  the  extreme  awkwardness, 

and  even  distress,  that  arises  from  suddenly  stumbling  upon  such  expressions 

Those  who  recollect  such  scenes  must  all  rejoice  that  Mr.  Bowdler  has  provided  a 

security  against  their  recurrence This  purification  has  been  accomplished  with 

surprisingly  little  loss,  either  of  weight  or  value  ; the  base  alloy  in  the  pure  metal  of 

Shakspeare  has  been  found  to  amount  to  an  inconceivably  small  proportion 

It  has  in  general  been  found  easy  to  extirpate  the  offensive  expressions  of  our  great 
poet  without  any  injury  to  the  context,  or  any  visible  scar  or  blank  in  the  composition. 
They  turn  out  to  be  not  so  much  cankers  in  the  flowers,  as  weeds  that  have  sprung 
up  by  their  side — not  flaws  in  the  metal,  but  impurities  that  have  gathered  on  its 
surface — and,  so  far  from  being  missed  on  their  removal,  the  work  generally  appears 
more  natural  and  harmonious  without  them.” — Lord  Jeffrey  in  the  Edinburgh 
Review. 

SIIAKSPEARE’S  DRAMATIC  & POETICAL 

WORKS.  Revised  from  the  Original  Editions,  with  a Memoir  and 
Essay  on  his  Genius  by  Barry  Cornwall.  Also  Annotations  and 
Introductory  Remarks  on  his  Plays,  by  R.  H.  Horne  and  other  eminent 
writers.  With  numerous  Woodcut  Illustrations  and  Full-page  Steel 
Engravings,  by  Kenny  Meadows.  Three  vols.,  super-royal  8vo.  Cloth 
gilt,  42/-  Tenth  Edition. 

SHAKSPEARE’S  WORKS.  Edited  by  T.  0. 

Halliwell,  F.R.S. , F.S.A.  With  Historical  Introductions,  Notes 
Explanatory  and  Critical,  and  a series  of  Portraits  on  Steel.  Three 
vols.,  royal  8vo.  Cloth  gilt,  50/- 
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THE  STANDARD  DICTIONARY  OF 
QUOTATIONS. 

SOUTHGATE  (Henry)  : MANY  THOUGHTS 

OF  MANY  MINDS:  being  a Treasury  of  Reference,  consisting  of 
Selections  from  the  Writings  of  the  most  celebrated  Authors,  compiled 
and  analytically  arranged  by  Henry  Southgate.  Toned  paper,  square- 
8vo.  Cloth  gilt,  elegant,  12/6;  Library  Edition,  half  Roxburgh,  14/-; 
morocco  antique,  21/-  Twenty -eighth  Edition. 

“ The  produce  of  years  of  research." — Examiner. 

“ Destined  to  take  a high  place  among  books  of  this  class.” — Notes  and  Queries. 

“ A treasure  to  every  reader  who  may  be  fortunate  enough  to  possess  it,' —Englislu 
Journal  of  Education. 

“ The  accumulation  of  treasures  truly  wonderful.” — Morning  Herald. 

' This  is  a wondrous  book." — Daily  News. 

“ Worth  its  weight  in  gold  to  literary  men.” — Builder. 

SOUTHGATE  (Henry) : MANY  THOUGHTS 

OF  MANY  MINDS.  Second  Series.  Square  8vo,  toned  paper. 
Cloth  gilt,  elegant,  12/6 ; Library  Edition,  half  Roxburgh,  14/- ; mo-r  ■ 
rocco  antique,  21/-  Fifth  Edition. 

" We  are  not  surprised  that  a Second  Series  of  this  work  should  have  been  called:  ' 

for.  Preachers  and  Public  Speakers  will  find  that  it  has  special  uses  for  them.”— 
Edinburgh  Daily  Review. 

“ Fully  sustains  the  deserved  reputation  of  the  First  Series.” — John  Bull. 


THE  SHILLING  MANUALS. 

By  JOHN  TIMES,  F.S.A., 

Author  of  “ The  Curiosities  of  London,”  &c. 

A Series  of  Hand-Books,  containing  Facts  and  Anecdotes  interesting! 
to  all  Readers.  Fcap.  8vo.  Neat  cloth,  one  shilling  each.  Secondi 
Edition. 

I.— CHARACTERISTICS  OF  EMINENT  MEN.  By  John  Times. 
Bound  in  neat  cloth,  price  i/- 

“ It  is  impossible  to  dip  into  this  booklet  without  finding  something  that  is  new  on 
that  will  bear  repeating."— Sheffield  Daily  Telegraph. 

U.— CURIOSITIES  OF  ANIMAL  AND  VEGETABLE  LIFE.  Byl 
John  Times.  Neat  cloth,  price  i/- 

“ Has  the  charm  of  freshness,  besides  containing  much  curious  information.”— 
Sheffield  Telegraph. 

III. — ODDITIES  OF  HISTORY  AND  STRANGE  STORIES  FOR 

ALL  CLASSES.  Selected  and  compiled  by  John  Times.  Neatj 
cloth,  price  i/- 

“ The  reader  is  presented  with  many  curious  tit-bits  of  history,  instructive  andj 

valuable  in  themselves an  interesting  companion  for  spare  minutes.”— 

Edinburgh  Daily  Review. 

IV. — ONE  THOUSAND  DOMESTIC  HINTS  on  the  Choice  of  Pro- 

visions, Cookery  and  Housekeeping;  New  Inventions  and  Improve- 
ments, and  various  branches  of  Household  Management.  Written 
and  compiled  by  John  Times.  Neat  cloth,  price  i/- 

“ No  money  is  better  soent  than  what  is  laid  out  for  domestic  satisfaction."— Zfr- 
Johnson. 
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Timbs’s  Manuals — {continued). 

V.  — POPULAR  SCIENCE.  Recent  Researches  on  the  Sun,  Moon, 

Stars,  and  Meteors;  The  Earth;  Phenomena  of  Life,  Sight  and 
Sound;  Inventions  and  Discoveries.  Familiarly  Illustrated.  Written 
and  compiled  by  John  Times.  Neat  cloth,  price  i/- 

“ A very  useful  little  manual.” — Sheffield  Daily  Telegraph. 

“ Will  be  found  abundant  in  much  out  of  the  way  informatton  on  almost  every 
conceivable  topic,  where  the  popular  mind  is  for  the  most  part  in  error.” — Evening 
Standard. 

VI. — THOUGHTS  FOR  TIMES  AND  SEASONS.  Selected  and  com- 

piled by  John  Times.  Neat  cloth,  price  i/- 

“ Contains  a very  great  amount  and  variety  of  out-of-the-way  extracts  from 
modern  and  old  writings.” — Mechanic's  Magazine. 

“In  a neat  and  concise  form,  are  brought  together  striking  and  beautiful  passages 
from  the  works  of  the  most  eminent  divines  and  moralists,  and  political  and  scientific 
writers  ot  acknowledged  ability.” — Edinburgh  Daily  Review 

Opinions  of  the  Press  on  the  Series. 

“ It  is  difficult  to  determine  which  of  these  volumes  is  the  most  attractive.  Will 
be  found  equally  enjoyable  on  a railway  journey,  or  by  the  fireside.” — Mining  Journal. 

“ These  additions  to  the  Library,  produced  by  Mr.  Timbs’  industry  and  ability,  are 
useful,  and  in  his  pages  many  a hint  and  suggestion,  and  many  a fact  of  importance, 
is  stored  up  that  would  otherwise  have  been  lost  to  the  public.” — Builder. 

“ Capital  little  books  of  about  a hundred  pages  each,  wherein  the  indefatigable 
Author  is  seen  at  his  best.” — Mechanics’  Magazine. 

“ Extremely  interesting  volumes.” — Evening  Standard. 

“Amusing,  instructive,  and  interesting.. ....  .As  food  for  thought  and  pleasant 

reading,  we  can  heartily  recommend  the  ‘Shilling  Manuals.’” — Birmingham  Daily 
Crazette. 


TIMBS  (John,  F.S.A.)  ; PLEASANT  HALF- 

HOURS  FOR  THE  FAMILY  CIRCLE.  Containing  Popular  Sci- 
ence, Thoughts  for  Times  and  Seasons,  Oddities  of  History,  Charac- 
teristics of  Great  Men,  and  Curiosities  of  Animal  and  yegetable  Life. 
Fcap.  8vo.  Cloth  gilt,  and  gilt  edges,  5/-  Second  Edition. 

“ Contains  a wealth  of  useful  reading  of  the  greatest  possible  v&neiy."— Plymouth 
Mercury. 

VOICES  OF  THE  YEAR  (The) ; Or,  the  Poet’s 

Kalendar.  Containing  the  choicest  Pastorals  in  our  Language.  Pro- 
fusely Illustrated  by  the  best  Artists.  In  bevelled  boards,  elaborately 
ornamented  and  gilt,  12/6. 

WANDERINGS  IN  EVERY  CLIME ; Or, 

Voyages,  Travels,  and  Adventures  All  Round  the  World.  Edited  by 
W.  F.  Ainsworth,  F.R.G.S.,  F.S.A.,  &c.,  and  embellished  with  up- 
wards of  Two  Hundred  Illustrations  by  the  first  Artists,  including 
several  from  the  master  pencil  of  Gustave  Dore.  Demy  4to,  800 
pages.  Cloth  and  gold,  bevelled  boards,  21/- 


FIRST  SERIES.— TWENTY-EIGHTH  EDITION. 
SECOND  SERIES.— FIFTH  EDITION. 


MANY  THOUGHTS  OF  MANY  MINDS 

A Treasury  of  Keference,  consisting  of  Selections  from  the  Writings  of  the  most 
Celebrated  Authors.  FIRST  & SECOND  SERIES.  Compiled  & Analytically  Arranga 

By  HENRY  SOUTHGATE. 


In  Square  8i‘o.,  elegantly  ‘printed  on  toned  paper. 


Presentation  Edition,  Cloth  and  Gold 
Library  Edition,  Half  Bound,  Eoxburghe 
Do.,  Morocco  Antique  


12s.  Gd.  each  volume. 

14s. 

21s. 


fl 

ft 


Hack  Series  is  complete  hi  itself,  and  sold  separately. 


*“T.rANT  TnounuTS,”  &c.,  are  evidently  the  pro- 
duce of  years  of  researcli.  Wo  look  up  any  subject 
under  the  sun,  and  are  pretty  sure  to  find  something 
that  has  been  said — generally  wdl  said — upon  it.” — 
jL.mminer. 

“ Many  beautiful  examples  of  thought  and  stylo 
are  to  be  found  among  the  selections.” — Leader. 

“ There  can  be  little  doubt  that  it  is  destined  to 
take  a high  place  among  books  of  this  class.”— 
and  Queries, 

“A  treasure  to  every  reader  who  may  be  fortunate 
enough  to  possess  it. 

Its  perusal  is  like  inhaling  essences  ; we  have  the 
cream  only  of  the  great  authors  quoted.  Hero  all 
are  seeds  or  gems.” — English  Journal  of  Education. 

“Mr.  Southgate’s  reading  will  be  found  to  extend 
over  nearly  the  whole  known  field  of  literature, 
ancient  and  modern.’' — Gentleman  s Magazine. 

“Hefb  is  matter  suited  to  all  tastes,  and  illustrative 
of  .all  opinions;  morals,  politics,  philosophy,  and  solid 
information.  We  have  no  hesitation  in  pronouncing 
it  one  of  the  most  important  books  of  the  season. 
Credit  is  due  to  the  publwhers  for  the  elegance  with 
which  the  work  is  got  up,  and  for  the  extreme 
beauty  and  correctness  of  the  typography.”— Morni/ij/ 
Chronicle. 

“Of  the  numerous  volumes  of  the  kind,  wo  do  not 
remember  having  met  witli  one  in  which  the  selection 
was  more  judicious,  or  the  accumulation  of  treasures 
so  truly  wonderful.” — Morning  Herald. 

“Mr.  Kouthgate  appears  to  liave  ran.sackcd  every 
nook  and  Corner  for  gems  of  thought.”— A Indian 
Mail. 

“ I 'le  selection  of  the  extracts  has  been  made  with 
taste,  judgment,  and  critical  moety.”— Morning  Post. 

“This  is  a wondrous  book,  and  contains  a great 
many  gems  of  thought.” — Dadg  Xeics. 

“■  '•  a work  of  reference,  it  will  be  an  acquisition 

aiii  man’s  library.  ” — (Arcular. 

“'rii^olume  conta'ns  more  gems  of  thought,  ro- 
Cncil  .'■entiments,  noble  axiom;,  and  cxtr.act.ablo 
sentence.;',  than  have  ever  I etore  been  brought  together 
in  our  langun.ge.” — 'I'he  fold. 

“Will  be  found  to  be  worth  its  weight  in  gold 
by  literary  men.” — The  Poiii.hr. 

“All  that  the  poet  has  described  of  the  beautiful  in 
naturp  and  art ; all  the  wit  that  lias  flashed  from 
prcgnixnt  minds ; all  the  axioms  of  experience,  the 
collected  %vi:  dom  of  philosopher  and  sage,  ar.  garnered 
into  one  heap  of  useful  ami  well-arranged  instruction 
•bl  amusement.”— y’Ae  Era. 


“ The  mind  of  almost  all  nations  and  ages  of  t’ 
world  is  recorded  here.” — John  Pull. 

“This  is  not  a law-book;  but,  departing  from  c 
usual  practice,  we  notice  it  bi-causo  it  is  likely 
be  very  useful  to  lawyers.” — Law  Times. 

“The  collection  will  prove  amine,  rich  and  int 
haustible,  to  those  in  search  of  a quotation.”— .< 
Journal. 

“ There  is  not,  as  we  have  reason  to  know,  a sini 
trashy  sentence  in  this  volume.  Open  where  we  nii 
every  page  is  laden  with  the  wealth  of  profoundii 
thought,  and  all  aglow  with  the  loftiest  inspirations! 
genius.  To  take  this  book  into  our  hands  is  like  sittii 
down  to  a grand  conversazione  with  the  greatj 
thinkers  of  all  ages.”— Star. 

“ The  work  of  Mr.  Southgate  far  outstrips  all  othei 
of  its  kind.  To  the  clergyman,  the  author,  the  artii 
and  the  essayist,  ‘Many  Thoughts  of  Many  Mine 
cannot  fail  to  render  almost  incalculable  service.’ 
Edinburgh  Mrreury. 

“We  have  uo  hesitation  whatever  in  describing  M 
Southgate’s  as  the  very  best  book  of  the  class.  The 
is  positively  nothing  of  the  kind  in  the  language  tb|, 
will  bear  a moment’s  comparison  withit.”— 

Weekly  Advertiser. 

“There  is  no  mood  in  which  wo  can  take  it 
without  deriving  from  it  instruction,  consolation,  a i 
amusement.  We  lioartily  thank  Mr.  Southgate  foij 
book  which  wc  shall  regard  as  one  of  our  best  fricni 
and  companions.” — Cambridge  Chronicle.  ^ 

“This  work  possesses  the  merit  of  beingamagi| 
ficent  gift-book,  appropriate  to  all  times  and  seasoiij 
a book  calculated  to  he  of  use  to  the  scholar,  H 
divine,  or  the  public  man.”—  Freemusnn' s ' 

“It  is  not  so  much  a book  as  a library  of  quo 


ions.”— Patriot.  , ,.„u 

“The  quotations  abound  in  that  thoughl  wiucn 
die  mainspring  of  ment.il  exerci;<e.” — ' 
"For  ptir])oses  of  apjx):iitG  quotation,  it  can 
iurpassed.”— Zl/  fstoZ  Times.  _ 

“It  is  impo.ssiblc  to  pick  out  a single 
die  work  which  docs  not,  upon  the  face  of  J 
.ts  selection  by  it.s  intrinsic  merit.  — .f  tt 
“We  tire  not  surprised  that  ^ mi 

vork  should  liave  been  called  for. 
las  the  catholic  t.istcs  dcsirablo  m a g«o  ‘ 
I’rcnchers  and  imbllc  sper.lccrs  will  find  ' 
ipecial  uses  for  thorn.”- Edinburgh  Daily 
“The  SKCONI)  Skhies  fully  snstams  the  dtetn 
reputation  of  the  First.” — John  Pull. 
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